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PREFACE 


Probably no other drug in the history of medical science has had such a 
phenomenal rise as streptomycin. The sulfa compounds, followed by peni- 
cillin, pointed to the great potentialities of chemotherapeutic agents, 
produced either by chemical synthesis or by certain microorganisms, in 
combating infections caused by bacteria and other microscopic and ultra- 
microscopic foims of life. These discoveries almost coincided with the 
reawakening of the general interest in antibiotics, or those substances which 
are produced by microorganisms and which have the capacity of inhibiting 
the growth and even of destroying other microorganisms, notably disease- 
producing bacteria. 

Neither the synthetic sulfa drugs nor the antibiotics tyrothricin and 
penicillin, however, had sufficient activity upon some of the most important 
gram-negative bacteria or upon the acid-fast, notably the tuberculosis, 
organisms. Agents to combat these diseases were badly needed. The fact 
that the world was in the midst of a great catastrophe made the need for 
new chemotherapeutic agents more imperative. The isolation of strepto- 
thricin in 1942 demonstrated that such agents could be found and that the 
actinomycetes are probably the logical microorganisms which should be 
considered as potential producers of such agents. Streptomycin appeared 
to fill the gap. 

In the five years since the isolation of streptomycin in 1943, considerable 
progress has been made, as evidenced by the (act that a literature of nearly 
1,800 references, covering reports of investigations in many countries and 
languages, has accumulated This is ample justification for an attempt to 
summarize the present status of the subject. In the following chapters, 
outstanding authorities, many of whom have pioneered in the development 
and utilization of streptomycin, notably its isolation and clinical applica- 
tions, have collaborated to present summaries of their work as well as that 
of others in the field. Each chapter is accompanied by only very few perti- 
nent references For the more complete literature the reader is referred to 
“The Literature on Streplomycm, 1944-1948,” published by the Eutgers 
University Press. 

It IS Sincerely hoped that this information will prove useful to all those 
who.are interested in streptomycin, especially in its use in combating bac- 
terial infections 


Selman a. Waksman 
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Section I 

MICROBIOLOGICAL AND CHEMCAL ASPECTS 





SELMAN A. WAK8MAN, Ph.D. 
Ruiger$ University 


Chapter 1 

HISTORICAL INTRODUCTION 


The organism producing Btxeptomycin was first isolated in the labora- 
tories of the Department of Microbiology of the New Jersey Agricultural 
Experiment Station, Rutgers University, in September 1943. The first 
public announcement of the isolation of the antibiotic was made by Schatz, 
Bugle, and Waksman (1) in January 1944. Its in nvo activity was soon 
established (2). Before the end of the year, its activity against the tuber- 
culosis organism, both m vitro (3) and in vivo (4), had been demonstrated, 
and although available in only very small amounts, streptomycin was 
being submitted to clinical trials. In less than tivo years from the date 
of its isolation, extensive investigational work, comprising bacteriological, 
chemical, pharmacological, and clinical studies, had been accomplished, 
and the practical potentialities of streptomycin as a chemotherapeutic 
agent were definitely established 

In presenting a comprehensive summary of the clinical uses of strepto- 
mycin before the conference on Antibiotics, held by the New York Acad- 
emy of Sciences, in January 1946, Hinshavv and Feldman (5) of the Mayo 
Clime, dedicated their address to the second anniversary of the announce- 
ment of the isolation of streptomycin. The following year saw the inaugu- 
ration of a series of intensive clinical applications of streptomycin m the 
treatment of numerous diseases, mostly those caused by gram-negative bac- 
teria 01 bacteria resistant to penicillin and to sulfa drugs. Hope was 
aroused, too, that possibly an agent had finally been found uhich was also 
effective against tuberculosis Several centers were established, during 
194C, for testing the sensitivity of different freshly isolated strains of M. 
tuberculosis to streptomycin, and before that year came to an end, observa- 
tions on the first hundred cases of tuberculosis treated with streptomycin 
Mere reported (G). The first observations were then made of the develop- 
ment of bacterial resistance to the drug and of the practical evaluation of 
this phenomenon in experimental animals. On February 17, 1947, in New 
York, a Conference was arranged by the American Trudeau Society and 
the National Tuberculosis Association to discuss the application of strepto- 
mycin to clinical tuberculosis, the methods of administration, and possible 
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purchase of streptomycin when its use was indicated. The requests of 
other institutions were given careful consideration, since each depot hospital 
was limited to a monthly quota. By the beginning of 1947, the Committee 
on Chemotherapy had completed its work. Enough streptomycin was then 
being produced to make possible wide domestic sales and even export. The 
various companies manufacturing streptomycin have thus contributed m 
many ways to’the elucidation of this drug as a chemotherapeutic agent. 

Finally, record must be made of the Conference on Tuberculosis held by 
the Interim Commission of the World Health Organization, on July 30-31, 
1948, in New York, attended by representatives from various countries and 
at which definite recommendations were drafted concerning the use and 
value of streptomycin in tuberculosis. 

Antagonistic Properties of Actinomycetes 
The isolation of streptomycin and its utilization in the treatment of nu- 
merous infections in man and in animals which previously had not lent 
themselves to therapy, was a high point in a long and painstaking search for 
antibiotics, a search which is continuing unabated The microbes which 
produce streptomycin belong to the actinomycetes, a group of organisms 
occurring abundantly m soils, manures, composts, fresh water basins, and 
dust. They are filamentous and branching organisms that the bacteriolo- 
gist has boon accustomed to consider as bactena and that the mycologist 
was inclined to classify with the fungi. 

In attempts to elucidate the natureof the complex microbiological popu- 
lation of the soil and other natural substrates, the paramount fact that im- 
presses itself upon investigators is that those microbes which occur in 
natural substrates exert a variety of associative and antagonistic influences 
upon one another Among the various groups of microorganisms, the 
actinomycetes appear to persist longest in the soil, especially under condi- 
tions unfavorable to the growth of other organisms, such as would result 
from drying, treatment with antiseptics, or after extensive and prolonged 
decomposition of organic materials. 

The ability of a largo number of actinomycetes to inhibit the growth of 
bacteria, fungi, and other actinomycetes had been established by many in- 
vestigators studying this group of organisms. Gasperini first reported in 
1890 (10) that certain actinomycetes, designated as StreptothnXy have the 
capacity to develop upon the surfaces of bacteria and fungi and to digest 
the membranes of these organisms At a much later date, in 1921, Licskc 
demonstrated that various actinomycetes were able to bring about lysis 
of many dead and living bacterial cells, and that the antibacterial activities of 
tlic actinomycetes were selective m nature, affecting only certain organ- 
I'-ms, such as S. aureus, and not others. Soon afterwards, in 1924, Gratia 
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toxic effects. This event took place exactly- three years after the public 
announcement of streptomycin reached the scientific reader. 

The third year also brought about the almost complete elucidation of the 
chemisto' of the streptomycin rooJecule, the preparation of the first chemi- 
cal deri\'ative of streptomjTin, and the report of the first thousand clinical 
cases treated uith this drug. Within four years streptomycin production 
had groMTi from a laboraton’ curiosity intoa large industry, m’th a monthly 
output of more than 3,000 kg of the pure base. 

This rapid progress in the development of streptomycin was due largely 
to two factors; the spectacular rise of penicillin between 1941 and 1943 
which suggested the possibility of finding other antibiotics that could lie 
utilized as chemotherapeutic agents for treatment of diseases not affected by 
penicillin , and the investigations carrietl out previously in the laboratories 
of the Department of Microbiologj* on streptothriein, which is similar 
chemically and biologically to streptomycin The work on streptothriein 
laid the foundation for the subseciucnt rapid progress in the isolation and 
use of streptomycin, the latter hating a broader antibacterial gpectnim 
and being less to.xic to animals than the former. 

Tlie Committee on Chomotherapeutics of the National Research Council 
contributed much to the coordination of the clinical work done on strepto- 
mj'cin (8). At first, all the streptomycin produced was rcportetl to the 
Civilian Production .Administration for allocation. First consideration 
was given to the needs of the Army, Navy, U. S. Public Health Sendee, 
Veterans .Administration, and the National Research Council, and the 
available supply was adjusted , to those needs. No other agency was 
allowetl to purchase streptomycin. No patient who was treated with this 
drug paid for it, and no physician was charged for it. The program of 
clinical research was thus conducted bribe concerted efforts of tlie govern- 
ment, the producers of streptomycin, the National Research Council, and 
civilian medical scientists, with the *=oIe puipose of obtaining in the shortest 
possible time the necessaty' information concerning this antibiotic The 
program of the National Research Council was supported by grants in aid 
from eleven pharmaceutical and chemical companies (9). 

This program constituted (he first private^' fmancerl, nationally coordi- 
nated clinical evaluation m histoiy' ft was made possible by a Joint con- 
tribution of ncarij’ $1,000,000 from pharmaceutical and chemical manufac- 
turers of streptomycin. It was estimated that, by October 194G, the 
manufacturing laboratones had invested $20,000,000 in production facilities 
for a drug of verj- recent ongin. 

Wide-scale distnbution of streptomj'cm began m September 1946, when 
about 1 ,G00 general hospitals were designated as depots for the drug. Any 
nondepot hospital or any phj'sician could call upon a depot hospital for the 
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Production of Antibiotics by Actinomycetes 
Previous to 1940, most of the investigations on the antibacterial activi- 
ties of actinomycetes were limited to the living organisms. At that time, 
only one preparation which had antibacterial effects ^Yas known. This 
preparation, designated by Welsch as actinomycetin, had the properties of 
a proteolytic enzyme, and was active primarily on dead bacterial cells. 

The first experiments, begun in 1939, in the Department of Microbiology 
of the Kew .lerscy AgricuUurai lixperiment Station, on the production 
of antibacterial substances by microorganisms, led to the isolation of a cul- 
ture of an actinomyces, vhich was later described as A. (S.) antibioticus. 
This culture produced a highly potent antibiotic, which was named actino- 
mycin. This antibiotic was soon crystallized, and its chemical and an- 
tibacterial properties were determined. Although interesting from a 
chemical and biological point of view, it did not offer any remarkable 
chemotherapeutic potentialities, since it was extremely toxic to the experi- 
mental animals. 

Other substances were soon isolated, notably proactinomycin and Micno- 
MoNOSPoRiN. Neither of these appeared to offer any distinct possibilities 
as a chemotherapeutic agent. Since penicillin appeared on the horizon m 
1941 and since it promised to fill the need for the treatment of diseases 
caused by gram-positive bacteria, it was decided to concentrate upon the 
isolation of antibiotics which would be active against the gram-negative 
bacteria and upon the acid-fast group of bacteria, including the tuberculosis 
organism. These studies in the New Jersey laboratories, and in others, 
resulted in isolation of a large number of antibiotic substances from actino- 
mycetes. These substances are active not only against various bacteria, 
but also upon fungi and viruses. Special procedures had to be developed 
for the growth of each specific organism and for the production and isolation 
of each specific antibiotic More than thirty antibiotics have now been 
isolated or at least are known to be produced by actinomycetes. 

A comparison of the antibacterial spectra of some of these antibiotics 
with those produced by fungi is given in table 1 . Antibiotic spectra for 
STREPToTiiRiciN and STREPTOMYCIN are shown in table 2. The four antibio- 
tics of the fungi possess a high activity against gram-positive bacteria and 
relatively little action on the gram-negative forms, the acid-fast organ- 
isms falling between. Streptothnem and streptomycin are highly active 
gainst the last two groups of oiganisms. These two antibiotics show cer- 
tain similarities m their general antibiotic spectra, but they also exhibit 
marked difTorcnccs, as shown in their specific effects upon B. mycoides and 
ll . ccreus, on the one hand, and upon certain gram-negative baetena, as S. 
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also obsen'cd that cultures of Streplothrix were able to lyse bacterial cells; 
1)0 used such lysed cells, designated as mycolysales, iov immunizing, pur- 
poses. 

Other investigations soon followed. These brouglit out the fact that 
certain species, or perhaps strains, of actinomycctes have the capacitj’ to in- 
hibit the gro\\ th of various bacteria, as shown b}’ Rosenthal for the diph- 
theria organism. Some of these actinomycetes were found capable of pro- 
ducing a thermostable active substance. This substance was also strongly 
bactericidal, but its activity was limited to certain bacteria; it had little 
effect upon others. 

The wide distribution of antagonistic actinomycetes in nature was first 
establishetl byNakhimovskaia in 1937, Out of eighty cultures isolated 
from a variety of soils, fortj’-scvcn posses.sod antibacterial properties, but 
only twenty-seven liberated active substances into the medium. The ac- 
tivity of these substances consisted laigely in inhibiting the growth of gram- 
positive bacteria; they had no effect upon gram-negative bacteria or fungi. 

In a senes of detailed surv’cys of the distribution of antagonistic proper- 
ties among actinomycetes, Waksmao cl at reported, in 1942, the isokation 
of 244 cultures from various soils. Of these, IOC, or 43.4 per cent, pos.sessod 
some antagonistic properties, and forty-nine, or 20 per cent, were highly 
antagonistic. The nature of the test organism, the composition of medium, 
and the method of testing greatly influenced the results obtained. In an- 
other sutv'cy of IS" cultures, freshly isolated from different substrates, only 
3 per cent gave a high activity against B. colt m hen tested on nutrient agar 
and 0 per cent on dextrose-asparagine agar; the corresponding figures for 
the cultures active agamst B sublilis were IG and 44 per cent. This 
pointed to the limited activity of (he antagonistic actinomycetes upon 
gram-negative bacteria, as compared to the gram-positive forms. 

The ability of actinomycetes to antagonize fungi has also been estab- 
lished. A suia'ey of the antagonislic properties of eighty cultures made by 
Alexopoulos, using the fungus Collelotrichum as the test organism, gave 
17 o per cent as strong inhibitors, 38 8 per cent as weak inhibitors, the 
others having no effect. The inhibiting action of certain soil actinomj'cetes 
upon plant pathogenic forms was also estabb^cd , it has even been proposed 
that this phenomenon be utilized for the control of potato scab, a disease 
of potatoes caused by S scalnes. 

Thus by 1942, it uas definitely established that a large proportion of tJie 
actinomycetes possessed remarkable properties of inhibiting the growth of 
%*arious bacteria and of other microoigatiisms, and e%’en of causing thejr 
destruction. 
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only against M. smegmatis, M. phlei, and the nonpathogenic strain 607 of 
M. luherculosis and nocardin, which is active against M. tuberculosis. 

Other antibiotics, such as streptothricin, streptomycin, Chloromycetin, 
and AURROMYCIN, have very wide antibiotic spectra, those of the last two 
affecting nckettseae and some of the larger viruses. 

Some antibiotics arc now known to be produced by more than one species 
of actinomyces. This was found to hold true for actinomycin, which is 
formed by S. anlibioticus and by a number of other species belonging to the 
genus Streptomyccs, and for streptomycin, which is produced by S. griseus 
and by 5. hiktmensis. Some antibiotics, such as members of the strepto- 
thricin group, vary greatly in their chemical make-up, in their selective 
activity upon different microorganisms, and in their toxicity to animals. 
Certain actinomycetes produce more than one antibiotic. This is true, for 
example, of Strcptomyces F, which produces streptomycin and streptothri- 
cin, and of S, griseus, which produces, in addition to streptomycin and 
mannosidostrcptomycin, actidione and strcptocm. 

Isolation of Streptothricin 

With the isolation of streptothricin in 1942 by Waksman and Woodruff 
(11), an antibiotic was obtained which showed distinct promise in activity 
against gram-negative bacteria, accompanied by a limited toxicity to ani- 
mals. This substance was produced by a culture of an actinomyces, 
known as A. (S.) lavendulae, -which was obtained from the soil, in the lab- 
oratories of the Microbiology Department of the New Jersey Agricultural 
Experiment Station m 1941. The name streptothricin was derived from 
Slreptothrix given to the actinomycetes by Ferdinand Cohn, in 1875. Other 
strains of this organism or of closely related organisms were later isolated 
and found capable of producing this antibiotic. 

Streptothricin was found to possess highly desirable physical, chemical, 
and antibacterial properties and offered promise as a chemotherapeutic 
agent Streptothricin is water-soluble, fairly resistant to heat, and is 
active over a wide pH range, with an optimum at a slight alkalinity. It is 
active ngamst numeious gram-negative and certain gram-positive bacteria, 
both tn vitro and in vivo. It is active also against fungi, but not against 
viruses. It is highly resistant to the action of different organisms; it can- 
not be destroyed by fungi, by bacteria, or by enzymes. 

Streptothricin is formed also by certain actinomycetes m admixture with 
other antibiotics, as for example, with streptomycin. Its production takes 
place under both stationary and submerged conditions of culture. Actino- 
mycctcs capable of producing streptothricin or related compounds are 
widely distributcxl in nature, this explains the large number of compounds 
already isolated which have properties similar to those of this antibiotic 
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wiorccsccns, on tho other. Streplothricin is more active against fungi than 
is streptomycin. It is also more to.xic. 

TABIX 1 


AntibacUrial spectra aj seteral antihioties (12) 

Minimum inhibitory concentration of antibacterial substances in micrograms 
per milhliter 
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TABLE 2 


Comparative 6acIcfio4ffl/ic spectra of streptomycin and stfeptothricin 
On basis of crude, ash-frcc dry material 
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Actinomycetes were thus found to be active producers of antibiotics that 
vary ereatly in their antimicrobial spectra. Some of these spectra are very 
nalroiv as in the case of the so-called a-vtissiegmatis factor, n hich is active 
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tuberculosis; its biological properties are similar, however, to the parent 
streptomycin, as sho^ra in table 3. 

TABLE 3 

In vilro activities of pure streptomyeins against rarious organisms 
(Modified from paper 13) 


MIKIUAl, INHIBITING CON'CENTBATION* 


TEST ORGANISM 

Strep- 
1 tomycin 

Dihydro- | 
stfeptomy- , 

ilannosido- ' 
streptomy- ! 

DihycJroman- 

nosidosirep- 

tomycin 


Ptlnl 

Mj/mt 

1 m/wI 

1 Ml/mt 

Kl. pneumoniae (ATCC 9997) 

1 1.7C 

1.76 

6.39 

6.69 

A. aerogenes (ATCC 129)... 

2 71 

3.27 

1 10.80 

11.10 

E coll (D 56) 

6.05 

0.79 

: 24 80 

23 80 

S. schotlmUlleri (D 51) 

10.10 

30.60 

14.30 

14 40 

5. typhosa (D 15) 

12.20 

51 .00 

12.40 

, 12.00 

S. entertdilis (D 81) 

4 14 

5.50 

12 70 

13,00 

Sh sonnet (H 1414) 

7 42 

8.52 

30 60 

30.30 

Sh. dysenteriac (H 141) 

C 2C 

5.82 

27 20 

27.10 

Br. abortus (Huddleson 1119 avirulent) 

0 816 

0 738 

2.03 

2.53 

// influenzae type b (D G8) 

M pyogenes {Staphylococcus) var our- 

2.30 

1 53 

8 53 

5.53 

cus (209P) 1 

0 828 

1.39 

5 64 

7.77 

S pyogenes (C203) 

.1/. tuberculosis' 

11 70 1 

15.90 

82 00 

87 00 

II37RV 

2.00 

2 20 

5 50 

6 50 

Ravenel 

0 53 

0.62 

2 50 

2.20 

BCG 

0 52 

0 55 

1 00 

1.70 

Nt 

0 51 

0 56 

2 50 

2 10 

Tt 

0.55 

0.54 

2 20 

2 00 

Pt 

0 62 

0 85 

2 30 

2.20 

ODt 

0 63 

0 75 

2 30 

2 60 

Kt 

1 00 

1 70 

3 90 

3 90 


* All figures are given in terms of nciglit of the trihydrocblorides On the basis 
of assays with Kl pneumoniae, the streptomycin and dihydrostreptomycin would 
have an activity of 820 units per mg, the mannosidostreptomycin an activity of 236 
units per mg and the dihydromannosidostreptomycin 228 units per mg. 
t Strains of M tuberculosis freshly isolated from human eases 
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It IS sufficient to mention sraEpnNjLAVFNMjLiN’.AcnxonuBiN, STRErroLix, 
and ANTIBIOTIC 130. 

When detailed studies of the phannacologj' of streptothricin Merc under- 
taken it was discovered tJiat this antibiotic leaves a residual te.-dc effect in 
the animal bodj’. Its use for parenteral administration ivas, therefore, ex- 
cluded. Its possible practical application maj' be limited to oral or topical 
administration. 


ISOLVTIO.V OF STnEPTOMYCIN 

The experience gained in the study of the formation and isolation of 
streptothricin from cultures of actinomj'cctcs proved to be highly impor- 
tant in planning a .search for other antibiotic agents that M'ould posse.‘?s 
similar or even more desirable biological and chemical properties, such as a 
broader antibiotic spectrum and less toxicity to the animal body. After 
further extensive studies of many actinomycctes representing a great vari- 
etj’ of species and strains, two cultures Averc found to yield the desirable 
antibiotic. These Avere i'solatcd from the soil and from the throat of a 
chicken. They both belonged to a species described as A. gn'sciis, the 
first roprosentative of which was isolated m this county’ in 1010 from the 
soil. The generic name of the organism was changeil by l\'ak«man and 
Heniid in 1943 from Acltnomi/cc$ to Slreplomyces To honor this new 
generic name, the new antibiotic wxas designated as streptomycin. 

As previously noted, the two cultures of the streptomycin-proelucing 
organism were first isolated m Soptemlier 1943 Because of the similarity 
of the neiv antibiotic to streptothricin, both m isolation procedures and m 
its antibiotic spectrum, rapid progress was made in the development of 
suitable methods for the grow th of the organism, S. gnseus, for the isolation 
of streptomj'cin, and for the evaluation of its antimicrobial properties. In 
January' 1914, four months after the two fre^h isolates of S. pnscus were 
obtained, the isolation of streptomycin was announced. 

Thus streptomycin came into being Becent plans of the National Tu- 
berculosis Association for publication of its monograph Slrepfomtjcin tn the 
Treatment of Tuberculosis tn Man and the appearance of several volumes, 
in foreign languages, dealing AAilh the .same subject, emphasized the fact 
that finally a chemical compound has been discovered AAhich has remark- 
able chemotherapeutic properties against the “white plague” of mankind, 
and that the eradication of this dreadful disease may be at hand 

As this is being written, several papers haA-e appeared in the No\-embcr 
is^^ue of the American ReA'ieAV of Tuberculosis m which it is reported that 
thhydrostrcpfomycfn, a derivative of streptomj-cm, is much less to.\fc than 
streptomycin when given in comparable doses and for similar penods, and 
mav therefore, be prcferalde m the treatment of some tj’pcs of chn cal 



CHiJ'TCE 2 

STREPTOirv'CE.-f GUI>EL'S. NATI.'IIE AND 

NiTi'anox 
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«lv'e 7::.'..‘^;^r.;y tr.o;/'j%.;*r.'fI <!*tynpt:'?a o: Krais- 

s organi.^ r, variabH:: r o: »f rZ^wny- 

€S as a vr}io,(t &rri try- ryj-y^-lty *A trj'A/iir.-j: cojcparifOis bsst=*d 
eager de?^'rijn5''^i« of ft“;!*r;?a3 h t*- trr^;h<*r 
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1 coanw-troTj ’3r;*h the i*tz orzszii^sis capable o: proiui'it-ii at'.*:- 

lotic asainst gram~r:e^t:\'e Ixactorta. 

t«o 


%\y^' -^•■Xv.-f- a^tns 

— .1 o 7 i'ar-:*r,a yr^-z*- l-olatM by Scbatr and Wak-^n’-an tn 
emlxif iyj3 j-yyj vori' -:?ail2r to. if not identical «i:h. the nil' 

|yre onsriaHy hy Wak-'-tnaa ssnd Curtis. These two culiutx'^-. «’.o-- 

'gnatol a.- ;ir-/C' tizA />-/, wer»' i'l*^jt;'^, I>oth in their ability to pnxhivv 
«arne Wjj*- •/, anVibb/d'; and m their taorpholoocal ativl cul- 
tural 'ns*-/ v.«'re i-/jlatr<i m thfiereat nx'ux'. ux JuTcnMtt 

buildiu-jL- f/Ti ♦}.*' ^'arnp'i-, and v.ithm two days o: each other, thu- ewhid- 
the fK>--:hjnty r/f f/ne’- onzinatinz from the other a> a ci>:itanuriunt, 
•\Uhr/ri2Ji fx/th were jK/ent produe<'rs of the aatihiotie. they duTortNl m 
'•'h'iT tA zrtrAth and in the ^pjanthative prrxluction of the antibiotu* un,K'r 
djfTerr^jt fijz-A\\\<ni- tA njlmre. At fir«t, D-l wa.* the more aetive. but u 
gra/hially Ix-jrarj to h/-" it** lyiit-nty on contmueii cultivation in artitioial 
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produce streptomycin. Recently, Kelner (2) obtained by the irradiation 
of the 1915 culture of S. griseus a mutant which produced streptomycin. 
This mutant was in every other respect similar to the streptomycin-produc- 
ing cultures isolated in 1943. This suggests the possibility that the original 
1915 culture was also able to produce streptomycin but had lost this capac- 
ity on continued cultivation for 30 years upon artificial media. 

When one of the streptomycin-producing cultures of S. griseus, No. 18-lG, 
was plated out and individual colonics were picked and tested, they showed 
considerable variation in their ability to form streptomycin. Several of the 
strains derived from these colonies and designated by numbers are now in 
general use. Some of these strains, such as No. 4, were found to bo more 
active in certain laboratories, and others, as No. 9, gave better yields of 
streptomycin in other laboratories. Differences were later observed also 
in the relative sensitivity of these two strains to the actinophage, No. 9 
being the more susceptible. 

By further strain selection, still greater increases in production of strepto- 
mycin were obtained. This selection was aided by irradiation wth ultra- 
violet light or by x-ray mutations. Substrains which are yielding 400 to 
500 #<g/ml, and even as high as 1,000 Mg/ml, of streptomycin were thus ob- 
tained from the original cultures, which gave an activity of only 100 to 200 
/ig/ml. The nature of the medium is of great importance, different strains 
giving higher yields on certain media than on others. This is also true of 
the medium used for the preliminary preparation of spore material or of my- 
celial growth prior to inoculation of the largo fermenters. 

The cultures of S. griseus are kept cither in a lyophilized state or are first 
grown on soil and then dried down. They may also be kept on ordinary 
agar media, but must be transferred frequently. 

Identification of Streptomycin-producing Cultures 
Several procedures have now been developed for the isolation from nat- 
ural substrates and for the identification of streptomycin-producing cul- 
tures, notably members of the genus Slrcplomyccs, and specifically strepto- 
mycin-producing strains of S. griseus. These methods are based on certain 
properties of the organisms or on the nature and activities of the strepto- 
mycin formed by them. 

1. Tolerance of fairly high concentrations of streptomycin in the medium. 
When a soil or other natural material is plated out on a medium containing 
50 tig/ml of streptomycin, the great majonty of bacteria and actinomycetes 
will fail to develop on the plate, AVith the exception of fungi, most of the 
actinomyccs colonies will be of the S. griseus type. 

2. Ability of certain resistant strains of test bacteria to grow in presence 
of streptomycin. Following the isolation of cultures from natural sub- 
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media. Culture 18-lC retained its high activity and jnelded highly potent 
strains; it became the progenitor of all the cultures now being used for in- 
dustrial production of streptomycin (fig. 1). 

JIany other cultures of S. griscus have since been isolated from soils, 
river muds, animal excreta, water, dust, and other natural substrates. 


rm 




Fig. 1. Slreptomiiee$ grt$eu$, Btrcptomjcin-producing atrain. Vegetative and 
acnal mycelium (Onginal). 

Xot all of them uere found capable, houever, of producing streptomycin, 
the majonty uere either inactive or produced other antibiotics, such as 
gnsein. Some of the cultures yicldetl a mixture of streptom3'cin w ith other 
antibiotics. The ability to produce streptomyem may, therefore, be con- 
sidered as a strain, rather than a species, characteristic. In addition to S. 
ariseus certain other actinomycctcs, such as S. UUniensis, are also able to 
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stiatc, they are tcfeteci for their antibiotic-pruclueing properties or antibiotic 
tpectnim. of stieptoraycin-ic»i&tant test bacteria uill indicate at once 
whether the cultuie produces slicptomj-cin or whether it forms another 
antibiotic, J'Uch us atreptothriem or chioromycetin. This is merely a special 
application of the antibiotic spectrum idea uhich has been used successfully 
for characterizing antibiotics. 

3. Sensitivity to actinophage. Wlien the S. griscus strains thus isolated 
arc tested for their sensitivity to a specific actinophage, Mliich is active only 
upon the streptomj’cin-producing strains, the inactive strains or those pro- 
ducing other antibiotics can be easily eliminated. 

4. Utilization of streptomycin-dependent strains of bacteria in testing 
for strcptom 3 ’cin. WTien a culture of S. grtscus or of another organism 
suspected of producing streptomycin is finally selected and grorni in a 
luiuid medium, the streptomj*cin-like nature of the antibiotic can be estab- 
lished by adding the culture filtrate to a nutrient broth and inoculating the 
latter with a streptomycin-dependent strain of E. coh or of some other 
bacterium. Gro\\ th of the bacterium uill definitely establish the fact that 
the unknoun antibiotic is streptomycin. 

5 Cross-streaking the unknown cultures on a suitable agar medium to- 
uard knoun streptomycin-producing cultures. The latter will exert only a 
slight inhibiting eiTect upon the unknoun streptomycin producers. 

0. The Sakaguchi use of the test for establishing uJielher the basic com- 
pound, isolated in a crude state by suitable adsorption and elution proce- 
dures, Is of a streptomycin or a strcptothricin type. 

Usually some soil or other material is plated on ordinary agar media 
favorable to the development of actinomycetes; colonics are picked and 
tested. The S grtscus colonics can easily be recognized hy the pale green 
to grayish green .shade of their acnal mycelium (3) .4 suitable agar me- 

dium may also be seeded uith living cells of a nonpathogenic strain of M. 
tuberculosis, and various dilutions of soil used for plating purposes. The 
plates are first incubated at 28" to 30°C for 2 or 3 days, to enable the acti- 
nomycetes to develop, this is folloucd by further incubation of tlie plates 
at 37®C for the development of the M. tuberculosis. Colonies that have the 
capacity of inhibiting grouth of the bacterium are found to be surrounded 
by clear zones. By use of this method, Woodruff and Foster (4) isolated 
an organism uhich produced an antibiotic, designated as streptin, but 
uhich was similar to strcptothricin and not to streptomycin. 

Variations and Mutations of S. griseus 

The antibiotic potency of an active culture of S. griseus is fairly constant 
in spile of Its ability to give nsc to inactive variants. Highly active strains 
lend to retain their relatively superior blreploraycin-producing potency 
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wheieas poor strains usually icmaiii weak producers of this antibiotic. 
For the commercial production of stieptomycin, however, it is essential to 
select continuously the most active strains, as pointed out pieviously. 

The foimation of streptomycin takes place both under stationaiy and 
under submerged conditions of culture. Certain strains are more active 
under one set of conditions, and others under the other. Although use of 



I'lo 2. Electron microscope picture of S. griteus, showing spore formation (Cour- 
tesy of Schciilcy Diet Corp ) 

spore material for inoculation of the broth for streptomycin production 
presents less danger of degeneration of tlic culture than continuous use of 
the vegetative growth or the mycelium, repeated transfers of the latter arc 
more convenient and even more satisfactory for large-scale fermentations. 
As many us ten mycelial transfers may be made in the process of inoculation 
of l.irge fermenters. 

N (jnsens imdorgoes in ciilturc, under submerged conditions, a typical 
cycle of grow ih. 1 he spores (fig. 2) first germinate and produce abundant 
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vegetative mycelium. The latter then undeigoes a process of vacuolation, 
fragmentation, and cellular disintegration, accompanied by formation of 
large numbers of spores. These are produced under submerged conditions 
in shorter time and in larger numbers than on the aerial mycelium growing 
on the surface of solid or liquid media. TJic mycelial fragments are also 
capable of germinating and developing into a new* mycelium. Spore pro- 
duction begins within 24 hours after submerged cultures are inoculated. 
The spores are formed in chains, either in sporogenous branches or at the 
tips of vegetative mycelium, in the main axis, and in sccondarj* branches. 
The physiological and morphological properties of the spores produced 
under various conditions of culture are similar. 

When the growth of S. griscus in submejged culture roaches a maximum, 
lysis sets in and fragmentation of the mycelium occurs. The peak of strep- 
tomycin production Jags somewhat belund the growilj peak. The changes 
in reaction of medium take place in two pluises. One occurs during growth 
wlien the medium becomes acid, and one is asaociatcd with lysis of the cul- 
ture, when the medium becomes alkaUne and may reach a pH of 8.6. 

S, griseita may give rise to two types of inactive strains. TJie first is free 
from aerial raycehum. In culture, especially in a submerged condition, it 
undergoes rapid lysis. It gives rise to an acid reaction in the medium, and 
yields a viscous broth. This strain is sensitive to the antibiotic action of 
streptomycin, and is comparable in that respect to other inactive actinomy- 
cctes, whereas the streptomycin-producingslrains are highly resistant to the 
action of this antibiotic. This variant is similar to the active culture in 
cultural characteristics such as lack of dark pigmentation on organic media, 
proteolytic action, and hemolytic capacity. This asporogenous strain can 
be made, by proper culture and selection, to revert to the sporulating strain, 
which wll ha%*e the capacity of producing streptomycin. The second 
variant is characterized by a pink pigmentation of the vegetative growth. 
It is unable to form streptomycin, although it produces aootlior antibiotic, 
which is pigmented in nature, is soluble in oiganie sohrnts, .and is highly 
active on gram-positive bacteria. 

Activity op Actinophagb upo.v S. giuseus 

The streptomycin-producing strains of S. gnscus are .^subject to the action 
of a virus or phage wliich destroys both the mycelium awl the spores of the 
organism (fig. 3). Thisphagehasbeendesignatedas vcw.voPHVGt. AVlien 
a culture becomes infected tlic phage at an earlj* fctage of growth, it 
undergo lysis With a corresponding loss m the production of streptomy- 
cin By use of the plaque method, it is possible to measure the concentra- 
tions of actinophage m the culture. The number of phage particles per 
milUUter of preparation can reach 4 X 10» to 1 X 10«». 

Phage-resistant streptomycin-produemg strains of S. gnseus can be 
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readily obtained, although they are not absolutely free from phage. The 
active culture is thus capable of continuously combating the attack by ac- 
tinophage through the development of phage-resistant strains. However, 
the danger from culture destruction by phage in laige-scale production of 
streptomycin is always present. S. griseus phage is not active upon other 
actinomycetes or upon strains of S. griseus that do not produce any strep- 
tomycin. 



Actiuophago has its optimum temperature at 28®C. It docs not multiply 
at 37°C or above. It withstands a temperature of 75°C, or somewhat 
above that which is injurious to the mycelium and spores of the organism 
(70®C). It is destroyed at 100'‘C in 10 minutes. 

Descrii’tion of S, griseus 

S. griseus is characterized by certain morphological and cultural proper- 
ties that make possible its identification and ready distinction from other 
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vegetative mycelium. The latter then undergoes a process of vacuolation, 
fragmentation, and cellular disintegration, accompanied^ by formation of 
large numbers of spores. Tliese arc produced under submerged conditions 
in shorter time and in larger numbers tlian on the aerial mycelium growing 
on the surface of solid or liquid media. The mycelial fragments are also 
capable of germinating and tieveloptng into a neir m^’cclium. Spore pro- 
duction begins within 24 hours after submcigcd cultures arc inoculated. 
The spores are foimed in chains, cither in sporogenous branches or at the 
tips of Vegetative mycelium, m the main axis, and in secondary branches. 
The physiological and morphological properties of the spores produced 
under various conditions of culture arc similar. 

^Vhen the growth of S. griseus in submerged culture reaches a maximum, 
lysis sets in and fragmentation of the mycelium occurs. The peak of strep- 
tomycin production lags somewhat beliind the growth peak. The changes 
in reaction of medium take place in two phases. One occurs during growth 
■when the medium becomes acid, and one is associated with lysis of the cul- 
ture, when the medium becomes alkaline and may reach a pH of 8.6. 

S. griseus may give rise to two types of inactive strains. The first is free 
from aerial mycelium. In culture, especially in a submerged condition, it 
undergoes rapid lysis. It gives rise to an acid reaction in the medium, and 
yields a viscous broth. This strain is sensitive to tlie antibiotic action of 
streptomycin, and is comparable in that respect to other inactive actinomy- 
cetes, whereas the streptomycin-producing strains arohighJyresistanttotlie 
action of this antibiotic. This variant is similar to the active culture in 
cultural charactenstics such as lack of dark pigmentation on organic media, 
proteolytic action, and hemolytic capacity. This asporogenous strain can 
be made, by proper culture and selection, to revert to the sporulating strain, 
which will have the capacity of producing streptomycin. The second 
variant is characterized by a pink pigmentation of the vegetative growth. 
It is unable to form streptomycin, allhougii it produces another antibiotic, 
which is pigmented in nature, is soluble in organic solvents, and is highly 
active on gram-positive bacteria. 

Activity of Acti.nophaoe upon S. guiseus 

The streptomycin-producing strains of S. griscus are subject to the action 
of a 'Virus or phage which destroys both the mycelium and the spores of the 
organism (fig. 3). This phage has been designated as acti.vopiuge. When 
a culture becomes infected wth the phage at an early stage of growth, it 
will undergo lysis with a corresponding loss m the production of streptomy- 
cin By use of the plaque method, it is possible to measure the concentra- 
tions of actinopliage in the culture. The number of phago particles per 
miUiliter of preparation can reach 4 X 10^® to 1 X 10*». 

Phage-resistant streptoroydn-produemg strains of 5. gnseus can be 
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was leported fiom California, Oregon, and Texas soils. Since streptomy- 
cin-producing strains aic lesistant to sticptomycin, a medium containing 
this antibiotic leads to elimination from the plate of ncaily all the bacteria 
and actinomycetes, and only S. yriseus colonies develop profusely on such 
plates. This, accompanied by other procedures listed previously, makes 
possible not only isolation of stieptomycin-producing strains of S. griseus 
but also their rapid identification and study of their distribution. 

The question has often been raised whether there are several forms of 
streptomycin, as there arc different penicillins. Two forms of strepto- 
mycin aie now known, namely, the legular streptomycin and the manno- 
sidostieptomycm. These differ in their quantitative antibacterial effect, 
but do not differ in their qualitative antibiotic spectra, nor do they seem 
to show any diffeiences m their m vivo activity, aside from the quantitative 
effect 

Groa\’th and Mctabousm op S. griseus 
The coiusQ of growth of S. griseus in culture media can be measured by 
several different methods: (a) microscopic observations, (b) determination 
of weight of mycelium, (c) measurement of the nitrogen content of myce- 
lium, (d) study of changes in the chemical composition of the medium, es- 
pecially the carbohydrate and nitrogen constituents, (e) other measuie- 
ments, such as incicase m viscosity or change in pH of the medium. 

Gottlieb and Anderson (8) studied the course of spore germination and of 
development of the mycelium in submerged culture. The exact time of 
‘<porc germination was difficult to determine, only an elongation of the 
spores being observed. After 6 hours, the mycelium was found to consist 
of some small hyphae and of longer branched hyphae which tended to de- 
velop into masses of mycelium consisting of a dense solid center and a 
periphery of branched radiating hyphae. Within 24 to 30 hours, the entire 
body of the medium was filled with these mycelial clumps. The culture 
appealed viscous at this stage. After 48 hours, the mycelium began to 
fragment and spores were being produced. At 84 hours, definite lysis of 
the mycelium took place; the dense central core of the masses of growth dis- 
integrated into granular pieces. Measurement of viscosity and weight of 
mycelium revealed an increase, which loached a maximum at 24 to 30 
hours, followed by a decicase up to about 90 hours; a gradual leveling of 
growth then took place. 

.Although S. griseus can grow well on a variety of synthetic and organic 
media, production of streptomycin takes place only in certain organic 
media or in synthetic media of special composition. The first medium 
U''ed for this purpose and designated as Xo. 3 has the following composition : 


Glucose 

Peptone 


10 gm 
5 gm 
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members o{ tbe genus Slreptomyces. As more and more cultures of S. gri- 
scus were isolated, it became recognized tliafc this is a large group of organ- 
isms, the members of uhich vary greatly in their physiological properties, 
notably in the production of streptomycin and other antibiotics. 

Waksman and Curtis described S. griseus as producing on Czapek-Do.v 
agar a thin, spreading growth, developing deep into the medium, at first 
colorless, then turning ohve-buff. This pigment ma> be lo.st on successive 
transfers. The aerial mycelium is thick, powdery, water-green in color. 
No soluble pigment was obsen'ed; the reverse of the growtli became brown- 
ish in 24 ilays. On gelatin, at IS^C, *S'. ^rtscus pioduces a greenish yellow 
or cieam-colored growth developing deep into the substrate; tlic aerial my- 
celium IS white-gra}’ with a gieenish tinge. Theie is no soluble pigment; 
liquefaction of the gelatin is rapid. S. grtscits is capable of utilizing a 
variety of carbohydrates, including pentoses, he.soses, sugar alcohols, anti 
organic acids. It is also able to obtain its nitiogcn from a variety of com- 
pounds, including both inoi^anic and organic forms. 

Tlic first comprehensive study of the morphologj' of this olgani^m was 
made by Drcchsler (G). The aerial mycelium showed proliferations of 
fertile brandies at moderately close intcr\'als along the a.\ial liyphae, Init 
no spiials were produced. Occasionally, however, tlio production of a feu 
close spirals was obsen'ed on certain media 
In recent studies of the streptomj'cin-producmg strains, the morphology 
and life-cyele of S. griseui weie chaiaclerized in gicatcr detail by Carvajal 
(7). The vegetative mycelium when young is well branched, typically m 
a monopodial form. Transverse septa arc fornicd in virtually all cases in 
the delimitation of the reproductive cells ncproduction occurs by means 
of unicellular asexual spores and conidia, which are exogenously borne m 
chains on the aerial mycelium. The spoie*? are of various shapes' barrel, 
oval, bean, spherical, and cj'lindiical Diffeienccs in shape and size are 
found often, cvenamong thesporesof tliesamechain Mature aerial spores 
often show small fiagments of transpaient film adhering to the outside wall 
The spores germinate at one end or at both ends, usually from the pointsat 
which they are attaclicd (o the adjacent spoics or to tlie hypha Hyphal 
fusions and germ tube fusions also can be obsciwcd. A nucleus has been 
demonstrated in the germ tubes of 5. grtsem m the young mycelium, and m 
the developing spores. The nuclei are well distributed throughout the 
cytoplasm of the mycelium. The spores may be uninucleate or multi- 
nuclcate 

DlSTlUULllOX OF S GKI.ShOS I.V X XTUIIL 
S. gn&cus represent.*’ a group of organisms widely distributed m the soil 
and in other natural substrates Tliis was browglit out m the earlier studies 
on the distribution of actinomycetcs, when the isolation of this organism 
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^YiLS icportcd fiom Culifoinia, Oiegoii, ami Texas soils. Since stroptoiny- 
ciu-protUieing strains aic rc.*>istaiit to strepttHnyoin, a medium containing 
this antibiotic loads to elimination fiom the plate of neaily all the baclciia 
and actinomycetes, and only S. griscus colonies tlcvclop profusely on sucii 
plates. This, accompanied by other piocaUircs listed previously, makes 
possible not only isolation of sticptomycin-producing strains of S. griscus 
but also their lapid identification and study of their distiibution. 

The question has often been raised whether theie arc several forms of 
streptomycin, as theio arc dilTcrent penicillins. Two fonns of strepto- 
mycin aie now known, namely, the regular stieptomycin and the manno- 
sidostieptomycin. These differ in their quantitative antibacterial effect, 
but do not differ in their qualitative antibiotic spectia, nor do thej' seem 
to show any differences in their tn vivo activity, aside from the (piantitative 
effect. 

Growth and MErrAiioLiSM of S. griseus 
Tlie course of growth of S. griseus in cultuic media cun be measured by 
several diffciont methods: (a) microscopic observations, (b) determination 
of w'eight of mycelium, (c) measurement of tlic nitrogen content of myce- 
lium, (d) study of changes in the chemical composition of the medium, cs- 
pcciull}’ the carbohydrate and nitrogen constituents, (c) other mcasuic- 
ments, such as increase in viscosity or change in pH of the medium 
Gottlieb and Anderson (8) studied the course of spoio geimination and of 
development of the mycelium in submerged culture. The exact time of 
spore germination was difficult to determine, only an elongation of the 
''porcs being observed. After 0 hours, the mycelium was found to consist 
of some small hyphae and of longer branched hyphao which tended to de- 
velop into masses of mycelium consisting of a dense solid center and a 
peiiphery of blanched radiating hyphae. Within 24 to 30 hours, the entire 
body of the medium was filled with these mycelial clumps. The culture 
appealed viscous at this stage .\ftcr 48 hours, the mycelium began to 
fragment and spores w’ere being produced. At 84 hours, definite lysis of 
tile mycelium took place; the dense central core of the masses of grow’th dis- 
integrated into granular pieces Measurement of viscosity and weight of 
mveelium revealed an increase, which reached a maximum at 24 to 30 
hours, followed by a decicasc up to about 9G hours, a gradual leveling of 
growth then took place 

Although S. gnseiis can grow well on a variety of synthetic and organic 
media, production of streptomycin takes place only in certain oiganic 
media or in synthetic media of special composition. The first medium 
usc<l for this purpose and designated as No. 3 has the following composition : 

Glucose 10 gm 

Peptone 5 gm 
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Meat extract 5 gm 

XaCl 5 gm 

Tap\\atcr 1,000 ml 

Other media containing casein digest, 3'east extract, com steep liquor or 
solids, and soybean meal nero used later with highly satisfactory' results. 

Grow th of 5. grtscus in stationarj* cultures reaches a maximum in 10 days, 
■whereas maximum growth in submerged cultures is usually attained in 3 to 
5 days. Tins is followed by lysis of the mycelium. Growth of the organ- 
ism IS accompanied by a gradual nsc m pH value of the culture and in the 
ammonia and ammo nitrogen contents; the total nitrogen in the mycelium 
tends to be higher during the active stages of growth. The production 


TAbLE i 

MftahoUc changet choTccieming the Itio pheuea 
during the submerged groutk flf S grtscus {8} 



ra-kie t 

1 tbasz u 

Streptomycin 

1 Slight production 

' Maximum rate of production 

pH 

1 Gradual rise 

, Reaches ouximum 

My cclium 

1 Papid gronth 

Gradual sutolysis 

Glucose 

' Hapid utilization 

Small remaining amount ex- 
hausted 

Soluble carbon 

Gradual uiiliznlion 

Concentration reaches maxi- 
mum and remains constant 

Lactic acid 

Stow production and uti- 
1 hzation 

Slow'utiliration 

Oxygen demand 

Maximum 

Decreases to minimum 

Soluble nitrogen 

' Used rxlensivelv 

Concentration increases 

Inorganic phospiiorus 

Used at maximum rate 

Released into medium 


and accumulation of streptomycin parallels the growth of the organism, 
reaching a maximum when lysis just sets in, this is followed by a decrease 
when the rate of lysis reaches a maximum S gnseus rapidly assimilates 
the phosphate m a phosphorus-poor medium, .tn excess of phosphorus 
has a dcpre^sii'e elTect both upon growtli of the organism and upon strep- 
tomycin production 

The metabolic changes of S. gnseus in a glucose-peptone-meat extract 
medium have been found by Dulaney and Perlman (9) to fall into two 
phases, as illustrated m table 4. Dunng the first phase, the orgamsm 
grows rapidly and forms extensive mycelium; this is accompanied by a re- 
duction in the soluble constituents of the medium, namely' the nitrogen, the 
inorgamc phosphate, and the available carbohydrate; the quantity of lactic 
acid present is first increased and then utilized to some e.-rtent; the oxygen 
demand is high, and the QO* values may reach 150, little streptomycin is 
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produced; the soluble carbon content of the medium during the growth 
phase rapidly falls as the glucose is utilized; about 50 per cent of the carbon 
appears to be unavailable to the organism during the first stage; the nitro- 
gen content of the mycelium varies with age. During the second or auto- 
lytic phase of growth considerable Ij^is sets in; streptomycin is produced 
actively, and the pH of the medium rises; the quantity of mycelium is de- 
creased as a result of lysis; the lactic acid content remains more or less 
constant, as does the soluble carbon content of the medium; the oxygen 
demand slowly deci'cases; the ammonia nitrogen, soluble nitrogen, and 
inorganic phosphate contents of the medium rise rather markedly, parallel- 
ing the autolysis of the cells. 

Ammonium compounds, but not nitnates, arc favorable sources of nitro- 
gen for growth and streptomycin production. A simple synthetic medium 
of the following composition has thus been devised: 


Glucose 

(NIIdiHPO. 

NaCl 

KiHPO* 

RrgSO«<7I{tO 

CaCh 

FeS0»-7ll,0 
MnS04-7H,0 
Distilled A\atcr 


10 0 gm 
4.0 gin 
5 0 gni 
2 0 gin 

1 0 gill 

0.4 gin 
a).0 mg 
10 0 mg 
1,000.0 ml 


The supplementary addition of ammo acids or of more complex organic 
compounds has been found to stimulate production of streptomycin. 
Among the amino acids, Eiser and McFarlane (10) found that histidine is 
essential both for mycelium and for streptomycin production; inositol also 
increased the yield of both; valine favored the latter, and aspartic or 
glutamic acid the former. If the salt concentration is low, most of the 
streptomycin will be found m the mycelium, thus suggesting that strepto- 
mycin IS a product of intracellular synthesis. Woodruff and Euger (11) 
reported that yields as high as 1 gm of streptomycin per liter are produced 
by S. griseus in media containing proline as the only source of nitrogen 
(fig. 4). 

In recent studies of simple media, it has been found that the complex 
organic material is not essential and can be replaced by its ash, the potas- 
sium salt being the most significant constituent. 

Actinomycetes are capable of producing lactic acid. *S. lavendvlae, for 
example, gives rise to fairly large amounts of this acid, provided sufficient 
carbohydrate is present in the medium; the pH changes to 5.7 in the pres- 
ence of 5 per cent glucose (some actinomycetes produce enough acid to re- 
duce the pH as low as 4.6). Lactic acid is not found in any large concen- 
trations in the cultures of the sponilatmg strains of *S. griseus, the aerial 
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mycelium-free mutants being capable, however, of forming considerable 
amounts of this acid. 

S. griseiis produces penicillinase and a variety of other enzymes. The 
ability of streptomycin-producing cultures of S. griscus to form an cnzj-me 
(mannosidostreptomycinafac) wliich decompo^cs manno&idostreptomycin 
into streptomycin and mannose has been recently demonstrated (12). 
Tills enzyme is not produced by other actinomycctes or fungi. 

The course of production and the chemical nature and antibacterial 
properties of streptomycin are treated elsewhere in this book. 



ftxs or tCKXCHTMWN 

fiG Effect of prolinc oq grontb and streptomycin produclion of S. yrtscus 


Chemical Composition of S.griseus 
On a dry basis, the mycelium of griseus contains about 10 per cent 
ether-soluble material and about 37 per cent cold-water-soluble substances. 
Little study has been ma«le of the ’■pecific chemical composition of fhe^e 
and other fractions .‘^tohes an«l Cuoncs', (1.3) grew 5. grtscHS in stationaiy 
cultures in a iiutnent medium containing 0 5 per cent meat e\tract and 1 
per cent glucose. The cell material w as dno<l and then hydroly zetl by acid 
or alkali The ammo aci«l composiiion of this material, on a percentage 
basis of the dr}' material, was as follows: total nitrogen, 9.14; histidine, 
0 84; arginine, 2.90, ly>ine. 2 13, leueme, 3 73, isolcucme, 1 49, valine, 3 40, 
methionine, Ooo, threonine, 233, pbenylolanino, 1.G7, tiyiitophane, 0-62. 

The presence of glucose in the medium had a marked effect upon the 
amino acid composition of the mycelium- in absence of glucose, the myce- 
lium of S. griscus contained about twice as much histidine and aiginine and 
much lai^er amounts of lysine, leucine, and threonine. 
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ForLMATio>j OP Other Antibiotics by S.griseus 

In addition to the tM'o forms of streptomycin, S. griscus produces several 
other antibiotics (table 5). Ether extracts from the mycelium of the or- 
ganism a substance designated as streitoci.v, which is active against gram- 
positive bacteria, but not against gram-negative forms. Another antibi- 
otic, designated as actidion'e, Avas isolated (14) by extracting the crude 
submerged culture Avith cliloroform; the extract Avas evaporated and the 
residue dissoked in methanol. Actidionc is not aetke against bacteria 
but has strong antifungal properties; it is particularly active against yeasts 
and the pathogenic C. ncoformans; it cr>'stalli 2 es from amyl acetate in the 
form of colorless plates, m.p. 115-116.5'^; its composition agrees with the 
formula CjtHcNjO?. 

The cultuie filtrate of S. griseus was found (lo) to possess certain anti- 
toxic properties designated as antidotic. The culture is able to destroy 
relatively large concentrations of A'arious bacterial toxins, such as those of 
staphylococci and diphtheria, but not tliat of plague. Punfied streptomy- 
cin does not possess such properties. Tlie antidotic action of the filtrate of 
S. griscus is relatively stable to heat; its destruction begins at about 75°C. 
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ClIAITCIl 3 

STRAIN SELECTION AND STRAIN SPECIFICITY OF 
S. GRISEUS 


With the possible exception of A.fumigatus, no microorganism has shown 
the prolific aniibiotigenic character of S. griscus. In addition to the strains 
which Iiavc been shown to produce streptomycin (1, 2) and actidione (3), 
still others have been isolated which produce griscin (4); an antibiotic no. 
3510, which is griscin-like (o); and two recently announced antibiotics (6) 
of which the most striking common identifying cliaractcristic is their lack of 
activity against gram-negative bacteria. One of these is produced by 
Rutgers culture collection no. 3195, a pink mutant of a streptomycin- 
producing strain. The other is produced by a transfer from the original 
1915 New Jersey culture which had been stored in B.aarn, Holland, since 
1921. This so-called “Baarn variant” now bears the R.C.C. no. 3522. 
Trussel, Fulton and Grant (7) have isolated a Strcptomyces which produces 
two antibiotics, one of which appears to be streptomycin. The culture, 
still unidentified, does not key out to be S. griseiis. Rickes, Brink, Ivoni- 
uszy. Wood and Folkers (8) have found vitamin Bu in the culture medium 
of a grisein-producing strain of 5. griscus. 

This flood of data has caused AVaksman to start grouping the various 
cultures >nth a view to^vard possibly defining new species within what 
seems to be a variable group of microorganisms. The absence, with few 
exceptions, of any morphological differences, together with the extreme 
variability of such physiological characteristics as have been tabulated, 
have so far made subdivision of this group unjustifiable. The very insta- 
bility or extreme variability of S. griseus which causes so many taxonomic 
headaches makes it a promising microoiganism for studies m strain selection 
and undoubtedly helps to explain why such an array of important metabo- 
Utes have already been discovered. 

Of all the antibiotics produced by S. griseus, streptomycin has become 
the most important. AVith few exceptions, therefore, all the work on strain 
selection so far has been directed toward superior streptomycin-producing 
strains. No best method seems to have been, evolved, though three major 
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FoRiLvnox OF Other Axtibiotics bt S.griseus 

In addition to the two forms of streptomycin, S. griscus produces several 
other antibiotics (table 5). Ether extracts from the mycelium of the or- 
ganism a substance designated as streptocix, n hich is active against gram- 
positive bacteria, but not against gram-negative forms. Another antibi- 
otic, designated as actidioxe, was isolated (14) by extracting the crude 
submerged culture vrith chloroform; the extract was evaporated and the 
residue dissolved in methanol. Actidione is not active against bacteria 
but has strong antifungal properties; it is particularly active against yeasts 
and the pathogenic C. neoformans; it crj'stallizes from amyl acetate in the 
form of colorless plates, m.p. 115-116 5®; its composition agrees with the 
formula CjtHisNjO?. 

The culture filtrate of S. griseus was found (15) to possess certain anti- 
toxic properties designated as .vxtidotic. The culture is able to destroy 
relatively large concentrations of various bacterial toxins, such as those of 
staphylococci and diphtheria, but not that of plague. Purified streptomy- 
cin does not possess sucli properties. The antidotic action of the filtrate of 
jS. griseus is relatively stable to heat; its destruction begins at about 7o®C. 
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iind streptomycin piocluction is a most icmarknblo obt>er\’ation, and one 
'well noitJi fnrtlicr study. 

The thiixl tcc‘lini(iue was annouiiceil almost simultaneously by Vander- 
hndeand Ycgian (II) and by Iverson and Waksman (12). It follows upon 
the discover^' of a streptomycin-dependent meningococcus by Miller and 
Bolmlioff (13). Vandcrlinde and Ycgian used streptomycin-dependent 
strains of R. coU and Ps. aeruginosa as well as sensitive and lesistant, but 
not dependent, strains of E. coH (figs. 5, 0, 7). 

Iverson and Waksman (12) usctl the s;imc principle to develop a method 
for detecting stieptomycin in broth. Growth o/asticptomycin-depcndent 
strain of E. coH produced turbidity proportional to the streptomycin con- 


( 
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centration over a suitable range. Crude or pure stieptomycin could be 
used. Streptothricm-producing, griseiu-producing, and nonstreptomycin- 
producing cultures did not support growth of the streptomycin-dependent 
E coll, hence would not appear as streptomycin-producing cultures in a 
screening program employing this technique. The use of antibiotic-de- 
pendent strains should find wide use in screening programs for otlier anti- 
biotic-producing cultures. 

N,\,tur.\l Variation .vnd Selection 
No extensive programs Jiave been leported in which a diligent searcli lias 
been earned out for superior strains among mutants arising from natural 
variation Waksman has shoAvn repeatedly that streptomycin-producing 
strains of S. griseus produce mutants readily. A nonconidial mutant that 


o 


Fig 5. ( 
surruimdini 
inoculated 
ecte’s growth (11). 
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methods have beeu employctl: (a) search for superior strains in nature, (b) 
examination of old strains after natunil variation has taken place, and by 
various selective tcchni(iucs, and (c) application of mutagenic agents to 
cultures of knu\Yn potentialities, followed by screening for superior strains 
among the mutants formed. 

SUPERIOK STIt\l.N’S FROM NATURE 

The brunt of the search for superior strains from natural sources has been 
borne by "Waksman, Reilly and Johnstone (1). The fact that only three 
sticptomycin-producing strains of S. griseus have been found by Waksman 
and only two by Carx’ajal (2) supports the view that although S. grtseus is 
fairlj' easy to isolate, only a very* fo'v of all the strains isolated mil be 
stieptomyc'm producers. Carvajal isolated S. griseus many times from 
such sources as sod samples, river mud, insects, plant roots, air, foodstuff, 
animal excreta, water, decomposing plant material, and dust. No particu- 
lar attention was drawn to (he fact that both active strains wore isolated 
from river mud. Waksman seems to have isolated all three of lus strains 
from either soil or composts. Soil rich in organic matter appears to be the 
best source of active strains Unfortunately, neither Waksman nor Car- 
vajal indicates how many cultures weie screened for their particular number 
of successes. 

The effort required to establish that a particular antibiotigenic S. grtseus 
is producing streptomycin has naturally inspired a search for screening 
teclmiques that would allow the identification of streptoraycm-producing 
strains on the original streak-plate The following three techniques haxe 
been devclopcil: 

The first employs addition of 100 uH of sfreptomycin to each milliliter of 
agar upon which isolations arc to be made (1) All cultuies sensitive to 
this concentration are inhibited, 80 per cent in one experiment The sur- 
vivors will contain strcptomycin-producing cultures (no. 3481 uas isolated 
in this way) and other resistant cultures The method is ver 3 ’ useful for 
prcliminaiy' screening of soil cultures and is equally adaptable to the search 
for other specific antibiotic producers. 

The second technique employs the discovery (9) that streptomi-cin-pro- 
ducing strains of S griseus are sensitive to actmophage, whereas all other 
strains of S gnseiis tested are resistant. This teclmique has the advantage 
of extreme simplicity, but the disadvantage of missing any streptomycin 
producers that happen to be resistant to phage That such phage- resistant 
strains exist has already been shown (6, 10). The wild type of all strepto- 
mycin-producing strains of S grtseus may be predominantly sensitive to 
phage but this technique would not bring out that fact. Regardless of its 
utility or infallibility, this positive correlation between phage sensitivity 
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by rautagcnlc agents oC new, superior pemcillin-producing strains, lu the 
first -i years of streptomycin research, reports of similar accomplishments 
have been scanty. It is not readily apparent wlicther this is due to less 
effort by investigators or to an inherent inability of S. griseus to react to the 
mutagenie techniques that have been employed. No doubt, the rapid de- 
velopment of superior fermentation media has removed much of the stimu- 
lus for this work. 

The most readily employable mutagenic techniques use radiant energy 
in the ultraviolet and x-ray regions. In a preUminary report (15), Stanley 
showed remarkable success with the use of ultraviolet. Details of parent 
strain, wavelength used, dosage, mutation rate, and strain stability were not 
reported. Until a more complete report is made, this work is difficult to 
evaluate. Similar success is not reported by Savage (10), using ultraviolet 
of 2,537 A wavelength. Although the parent strain, an isolate of Waks- 
man’s no. 3 19G culture, mutated with fair efficiency, the mutants were low 
in high-yielding strains, and only one, IlM-241, in some 1,400 strains tested 
proved Ihgh yielding to a stable degree. Further irradiation of RM-241 
with 2,537 A ultraviolet was ineffective. Almost no mutations took place. 

X-rays of three wavelengths wore employed. AH ucre found to be mu- 
tagenic. The longest of the three rays U.539 A) proved to have only one- 
fourtb the mutagenic activity of cither of the two shorter rays (0.710 A and 
0.210 A), Doses up to 1,000,000 roentgens were employed to obtain muta- 
tion rates up to 50 per cent of morphological mutants and up to 40 per cent 
of physiological mutants, only the single characteristic of streptomycin 
production being scored. Two strains proved to be stable and superior to 
a marked degree, out of some 2,300 strains screened. One, RM-2151, was 
selected as superior. A remarkable instance of strain specificity for the 
medium employed in strain selection is shown in figures 8 and 9. 

Waksman's ori^nal beef-extract-peptone medium was used to obtain the 
fermentation curves in figure 8. This was the medium used for the selec- 
tion of strain hI4, the isolate from AVaksman’s no. 349G culture. The 
superiority of M4 over 349G is apparent. Figure 9 shows the same four 
strains on a yeast-glucose-salts medium which was used for the selection of 
RM-2451. The four strains arrange themselves in the order in which they 
were selected one from the other. BM-2451, however, is a very inferior 
strain on AVaksman’s medium (fig. 8), producing almost undetectable 
amounts, 4-6 ^ig/ml, of streptomycin. 

The extremely low yield of superior and stable mutants, 0.1 per cent, in- 
dicates the need for superior plate-screening methods such as that developed 
by Vanderlinde and Yegian for eliimnation of nonyielding and low-yielcUng 
strains. It is possible that the use of streptomycin-dependent strains in a 
plate-screening procedure will pro^dde an answer to this need. 
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ptoducfeS DO streptomycin, and a pink mutant that produces another anti- 
biotic have appeared repeatedly. Those mutants or variants that produce 
streptomycin have invariably produced less streptomycin than the parent 
culture. The technique of adding 50 pg/ml of streptomycin to the agar 
proved helpful in eliminating low-yielding strains (14) but did not permit 
the isolation of any superior strains. Tuo of the high-yielding strains so 
isolated from submerged culture u ere found to have lost most of the ability 
of the original culture to produce streptomycin in surface culture. Carvajal 
(2) showed photographs of the extensive sectoring of S. griscus colonies 
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Fig 6. Three strains of co/t on a plate containing a central growth of a strep- 
tomycin-producing strain of S gnseut. A, a strain of streptomycin-dependent B. 
coU showing growth onlv in tJie nortion of th*» .strenV thn nr-fir.nrr.,-nr.t« R 


Fig. 7. Spread of growth of streptomycin-dependent Ps aeruginosa about a growth 
of a streptomycin-producing strain of S. grtseus. The bacteria were inoculated at 
the tip of the S- grtseus streak (11) 

which occurs after 1 to 3 months’ growth. He reported variation in rate 
and extent of spore production, color, pigment production, odor, and colony 
appearance. Strains showed preferences for specific media for optimal 
spore production and for the production of most of the above characteristics. 
Xo information has been reported on the influence of these variations upon 
streptomycin yields. The changes noted were observed on both active and 
inactive cultures. 

Use of Mutagenic Agents 

One of the most exciting developments in penicillin research of the last 
few years has been the isolation from natural sources and the development 
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m concentrations in the culture medium rise and then slowly fall indicates 
hat the concentration at any time is the resultant of a process of formation 
ind one or moie competing processes of destruction or inactivation, 
denry ct al. (17) have shown that culture media components may inactivate 
IS much as 75 per cent of added streptomycin. In addition, such com- 
munds as hydroxylamine and cysteine have been shown to be able to in- 
ictivate streptomycin. 

Any mutation that would destroy or suppress a reaction competing with 
the streptomycin synthesis for substrate, or any mutation that would de- 
stroy or suppress the synthesis of any streptomycin-inactivating metabolite, 
would cause the new strain to synthesize morestreptomycin if the strepto- 
mycin-synthesizing mechanism was unharmed. 

The results reported by WhifTen, if substantiated, would indicate that 
the syntheses of actidione and streptomycin may be competing for sub- 
strate. 

So far there have been no reports of successful use of the nitrogen mus- 
tards as mutagenic agents in streptomycin fermentation. Their recent use 
in effecting mutations in E. coli (18) indicates the possibility of their being 
used successfully with the Slreptomyccs. 
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Mutant strains from these x-ray studies have been used to investigate 
other strain relationships. Gottlieb and Anderson (10) compared strain 
RM-1067, which produced no detectable amount of streptomycin, uith a 
high-yielding strain and vvith an intermediatc-yicldmg strain. They found 
no correlation between streptomycin production and respiration rate of 5. 
griseus. Of the three strains tested, those producing the highest and the 
lowest quantities of streptomycin each had a QOj almost three times tliat 
of the strain producing an intermediate amount of streptomycin. 
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Fio. 8 Fig. 9 

Fic 8. Fermentation curves of RC.C. 3490 and tbree strains derived froraIl.C C- 
3496 The medium is Waksmaa’s onginal bccf-extract-peptonc-glucosc-sodium 
chloride medium for the productioa of streptomycin. 

Fio 9 Fermentation curves of the same strains in a jeast-glucosc-salts medium 
M4 Mos selected from 3496 IlM-241 is an ultraiiolct-Induced mutant of M4. 

2451 13 an \-ray mutant of IUI-241 

\^^llffe^ (3) has analyzed 144 isolations of S. gnseus^ obtained after x-ray 
irradiation of nM-241. She found that mutation can influence streptomy- 
cin and actidione production independently, except that the jields of both 
cannot be enhanced together Some of the mutants have higher strepto- 
mycin yields and loner actidione yields than the parent culture. In others, 
the situation is reversed. In some, the yields of streptomycin and actidione 
arc both significantb’ lower than those for the parent. In no instance were 
mutants found to produce more streptomycin and actidione than the 
parent. 

These results shed some light on the mechanism by nhich a strain is 
converted to a higlier-jnelding strain. It is conceivable that this might be 
accomplished by any one of several »ays The veiy fact that streptomy- 
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kg. The ultimate level of production and utilization of streptomycin has 
not been reached, and to pre<lict what level may be attained is difficult. 

At the outset of this discussion on the pimluction ami isolation of strep- 
tomym, it shevdd be \\udev^,teod tlvat it is uot possible to iuelude many of 
the significant details of the existing industrial processes. Xaturally, the 
published operational details for the production of this relatively new and 
highly important drug are meager and will remain so for a number of years. 
Although the earliest dcscribotl industrial processes (3, 4) have undergone 
numerous changes, the basic steps remain essentially unchanged, and con- 
sist of fermentation, recovery, purification, and finishing. Kach of tliesc 
steps is desGiibed in detail in the following pages, 

Feumentation* 

The production of streptomycin broth is a pure culture aerobic fermen- 
tation of S. griseus, carried out under aseptic conditions. The first descrip- 
tion of the fermentation indicated that both a sliallow-Iayer stationary* 
method and an aerated submerged proccduie were satisfactory (5). The 
stationary method was used at the outset but was rapidly displaced by the 
more economical submerged growth method uhen the required facilities be- 
came available. Since the stationary procedure is of no industrial conse- 
quence, and since adequate details of a unit for the production of streptomy- 
cin broth by surface cuUuic in pint milk bottles are described in a recent 
report (0), the present discussion is limited to the submerged process. 

All cultures now used in the production of streptomycin are believed to 
have originated from one of the original isolations of S. griseus No. 18-10, 
Because this organism is unstable and its variants differ in their productiv- 
ity (7), the care and selection of the strain arc highly important. Higher- 
yielding strains have been selected from natural variants and from mutant 
strains produced by controlled exposure of cultures to ultraviolet light irrn- 
diation. Some of the selected mutants m the usual large-scale productioa 
media are capable of producing broths in the laboratory with potencies of 
more than 900 /xg/ml, a level significantly higher than that obtained from 
the parent culture (8). 

Although operating conditions and fermentor design have played an im- 
portant role in the maintenance of large-scale maximum productivity, the 
more important increases in the lev el eC prodvvoUon have been brought about 
by microbiologists through use of improved media and selection of high- 
yielding strains (51). 

Streptomycin fermentation is subject to severe bacteriophage attack, and 
for successful production the development of phage-resistant strains was 
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Chapter 4 

PRODUCTION AND ISOLATION OF STREPTOMA'CIN 


During the last 10 years, production of the now established antibiotics, 
penicillin and streptomycin, has grown from the shake-flask and test tube 
scale into an important segment of the chemical industiy*. This rapid 
growth is truly a tribute to the laboratoiy*, technological, and clinical scien- 
tists who have taken part in the development. 

The production of antibiolica begins with fermentation, a tool previously 
of little importance to manufacturers of medicinals. Although fermenta- 
tion is one of the oldest chemical processes practiced and lias considerable 
economic significance due to widespread use in industiy*, it must still be 
regarded as an art rather than as a science. The manufacturers of medici- 
nais had to adapt this process, dravWog upon the experiences from e-xisting 
industrial fermentation processes and discovering new principles that re- 
sulted from the combined efforts of the microbiologist, the engineer, and the 
chemist. Industrial progress in the field of antibiotic fermentation has 
resulted from the increased recognition and expansion of the engineering 
phases of fermentation, from the application of the physical-chemical ap- 
proach to the solution of fermentation problems, and from the development 
of high-yielding mutant strains by new microbiological techniques. 

Notwithstanding the countless problems that required solution, the pro- 
duction of the antibiotics is now a well-developed industrj’. The industrj’ 
has kept pace with the increasing demands and is satisfying the needs of the 
physician in the combat of disease and in the prolongation of life. The 
combined sales of penicillin and streptomycin in the United States during 
1947 totaled $111,950,000 and eciualed half the sales of all the sjuthetic 
drugs sold dunng this penod (1). 

Production of significant quantities of streptomycin began in August 
1940, and during that year about 1 ,000 kg were produced. The output for 
1947 'was 10,000 kg (2), and the production for 1948 approximated 30,000 

> The author is indebted to Mr. F. W AlacMuUeo for his valuable assistance in the 
preparation of this manuscript. 
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lization of the medium has been successfully demonstrated and may have 
some economic advantage. To maintain the aseptic conditions necessarj’’ 
for this fermentation, all equipment must be designed to avoid pockets, 
which may serve as breeding places for contaminating organisms. All 
piping and equipment must be connected to high-pressure steam lines for 
sterilization. Sterility of equipment and medium is essential for satisfac- 
tory production. 

Tlie composition of the medium has a marked influence on the production 
of stieptomycin. The original mc<Hum recommended by Waksman con- 
sists of an aqueous solution of 1 per cent glucose, 0.5 per cent peptone, 0.3 
per cent meat extract, and 0.5 per cent sodium chloride (5). Several suc- 
cessful substitutions of loss' costly ingicdicnts, however, have been made 
for glucose, peptone, and meat extract. Starch can be substitute for 
glucose; unhydrolyzed and hydrolyzed casein, various tryptoncs, or sodium 
nitrate can replace peptone (ll);and com steep liquor (11) or soybean meal 
(12) is reported to be approximately as cflfectivc as meat extract. 

One of the diflicultics encountered during tlic fermentation is the tend- 
ency of tlio fermenting mush to foam. For this reason the amount of air 
and agitation must be kept at the proper balance, since too much air causes 
excessive foaming while too little inhibits bacterial growth. For the con- 
trol of foaming a surface-activating substance may be used, which must be 
sterilized before addition to the fermentor. Such a foam inhibitor must be 
nonto.xic to the organism and must not interfere with the subsequent steps 
of recovery and purification. 

The fermentation cycle in a fermentor vanes from one to several days 
depending upon the culture, the medium, and the conditions employed. 
Selection of the actual cycle time depends upon the economic evaluation of 
pioductivity per gallon per hour. The streptomycin content of the com- 
mercial broths has not been reported, although laboratory yields ranging 
from 150-900 Mg/ml in production-type medium have been published. 

Recovery of Streptomycin from Feument.vtion Liquors 
Streptomycin is a highly polar oiganic base, which may be considered as 
a derivative of a carbohydrate. The structural formula indicates that 
streptomycin is a complex molecule containing a large number of hydro- 
philic and functional groups The tw’o guanido groups in the streptidinc 
portion of the molecule and the methylamino group in the N-raethylglu- 
cosamine moiety are responsible for the strong basicity. 

Streptomycin 

Stieptomycin, as the free base or as a salt of an inorganic acid, is ex- 
tremely soluble in water. Because of the high alkalinity and the instability 
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necessary. This lias been accomplished liy suitable culturing methods 
similar to those used in tlic acctonc-butanol fermentation (9). 

A fairly complete description of the feimentation procedure employed at 
Merck & Co., Inc., has been reported by U. W. Porter (3). A digest of this 
report together with information from other sources is now presented. 

An agar slant is inoculated with a small quantity of the culture and is in- 
cubated to sporulation under carefully controlled conditions. The spores 
arc suspended in distilled water, and the suspension is divided into three 
parts, each of which is transferred to a shake flask plugged Math cotton and 
containing about 300 cc of nutrient solution. These flasks are then placed 
on a shaking machine in a temperature-controlled room. This is the first 
stage of submerged fermentation. 

To build up the size of the inoculum for the large production fcmientors, 
the laboratorj’ culture has to be transferred througli a series of increasingly 
larger fermentors. Each vessel m this scries is designed so that it mil pro- 
vide the required quantity of growing oiganisms or inoculant for efficient 
utilization of the next larger fermenter in the series. 

The laboratory culture is transferred ascptically to the first of the series 
of fermentors. Each stage m the fermentation follows its own particular 
time schedule. From the first fermentor to each succeeding fermenter, the 
inoculum is transferred ascptically until finally it reaches the large fer- 
mentors. 

Fermentation conditions are gcncrallj' the same throughout the series of 
fermentors. The temperature is carefully controlled around 2b°C by cir- 
culating temperature-controlled water through jackets or coils built into 
the fermentor. Aeration is accomplished by forcing through the fermen- 
tation liquid air that has been stenlized by passage through filters to remove 
air-bomc oigamsms. Agitators in the fermentors help promote dispersion 
of air 

Several types of equipment for aeration have been used, these include 
the open pipe sparger, the sintered glass aerator, and horizontal pipes con- 
taining small openings along Iheir lengths Tlie air j& introduced at the 
bottom of the fermentor and the action of the agitator affects even distribu- 
tion throughout tlie medium For maximum yield of streptomycin good 
contact between liquid and air ises'^ntial, since the oxygen demand of sub- 
merged cuUvires of S Qnsvus is high (10). 

The pH of the medium is controlled .Vt the beginning of the fermenta- 
tion the medium is neutral but may nse to pll 8 to 8 5 as the fermentation 
progresses 

Sterilization of the medium is accomplished bj' heating the medium in 
the fermentor to 120''C and maintaimng this temperature for one-half hour 
licfore cooling to the fermentation temperature of 25°C. Continuous stcri- 
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practically pure chemical compounds. Several reports of industrial isola- 
tion procedures have appeared (3, 4, 16, 17). 

Filtration of harvested broth 

The first step in the isolation of streptomycin from harvested broth is the 
separation of the insoluble solids composed primarily of mycelium, \\ hicli is 
extremely fine and gelatinous in character. Filtration is difficult, and sig- 
nificant losses are experienced if tlic filtration and \s’ashing of the solids aie 
not carried out properly. Filtration, even on a laboratory scale, requiies a 
filter-aid. In large-scale operation the most successful filtration procedure 
consists in the use of a continuous pressure filter. With the appropriate 
use of a filter-aid, and by making compensating variations in the operating 
conditions (4), this type of unit can be used in a continuous manner, in spite 
of great variations in the filtcrability of individual harvested batches. A 
filter-aid is used both as a prccoat for tlic filter and as an admixture in the 
broth. Selection of the filter-aid requires care, since many of the commer- 
cially available filter-aids adsorb streptomycin. 

Treatment of the whole broth befoic filtration has been recommended 
for facilitating filtration and for removal of impurities, including pigments, 
which interfere with the efficiency of the subsequent isolation steps (13, 18, 
19). In this procedure the wliolc broth is acidified with hydrochloric or 
sulfunc acid to pH 2 (13, 19) or to pH 4 (18), stirred with charcoal (Norit A 
or Nuchar C-190-H), and the mixture filtered. At this low pH streptomy- 
cin is not adsorbed and is stable for considerable time (20). A significant 
quantity of the impurities, however, is adsorbed by the charcoal. After 
the pretreatment operation, the clarified, decolorized filtrate is neutralized 
with caustic to pH 7.0 to 7.5 and is ready for the adsorption step. 

Adsorption of streptomycin from filtered broth 
The literature on the adsorption of stieptomycm from water solutions 
with adsorbents other than charcoal is spaR>e. A large number of adsorb- 
ents undoubtedly have been investigated in the search for a more specific 
adsorbent. Fuller’s earth adsoibs streptomycin readily, but elution of the 
antibiotic from the adsorbent presents difficulties (21). Other adsorbents 
of little inteiest in the isolation of streptomycin fiom bioth uie alumina, 
silica gel, induhn, diatomaceous earth, cellulose pioducts, magnesium sili- 
cate, and magnesium phosphate (21). 

Cation exchangers, such as the zeolites, havebeen investigated by LePage 
and Campbell (18) in an attempt to find a more specific agent than charcoal 
for the isolation of streptomycin from harvested broth. Certain of these 
agents were reported capable of adsorbing streptomycin, but they showed 
no advantageous specificity. The zeolites such as Decalso and Pennutit, 
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of tlie fioo base, httio ife knoujj about its soJubilitj’ in organic solvents. 
Streptomycin salts of inorganic acids are insoluble in nearly all organic 
soh'entb Attempts to extract streptomyem from an aqueous solution over 
a pH range of 2 to 0 butanol and Avith other common water-immiscible 
solvents were unsuccessful (13). Streptomycin salts of organic acids do 
foiioAA solubility in organic solvents Titu.s and Fried (14) reported that 
btJCptomycm salts of organic sulfonic acids, such as p-toluene sulfonic acid, 
can be extracted from Avater solutions by butanol. 

As evident from thi« discussion, streptomycin docs not lend itself readily 
to a solvent -extraction process of isolation from harA’ested broth ItecOA’- 
eiy on an ad.sorbcnt, such as charcoal, instead, is the basic concentration 
step in all the practical, published processes This concentration step and 
tile subsequent acid elution of the adsorbate were first reported by Shatz, 
Bugie, and Waksman Co) and aactc used pieAuously for the isolation of 
streptothricin (15) 

Since carbon is a relatively nonspecific adsorbent, a great many other 
substances, some of uhich are toxic, arc isolated along Awth streptomycin 
This fact makes neces.saiy further fractionation before the drug is safe for 
tfierajicutic use. ImproA'cments m the punficalion steps haA-c been dcA’el- 
oped and applied successfully to production In contrast AMth the variable 
nuality concentrates of streptomycin available at the outset of large-scale 
nroductioii, a number of the commercial products presently available are 
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advantageous, since tiio carl>on lequiicnionts for large-scale operations are 
very large. 

Elution and recovery of crude streptomycin 
As mentioned previously, carbon adsorbates contain considerable quan- 
tities of impurities, and tlierefoie metbods for the partial removal of those 
impurities from the adsorbate prior to elution had to be developed. The 
common practice now is to wash the carbon adsorbate with solvents before 
the elution step. Washing the adsorbate with copious quantities of water 
(17, 18, 19) or with aiiueous methanol or ethanol (3, 13) does not elute 
stieptomycin but does remove some impurities that otherwise would con- 
taminate the product. 

Elution of caibon adsorbates is curried out in all processes with dilute 
acids. Generally, bufficicnt acid is employed to maintain a pH 1.5-2. 5 for 
the elution slurry (17, 19). Alcoholic hydrochloric acid solution was the 
first successful eluting agent used (5), and several modifications of this 
eluting solution have found application in subsequently reported processes. 
For large-scale operation a two-stage countercurrent elution procedure has 
been reported m order to maintain low elute volumes Such elutes aro neu- 
tralized and concentrated under reduced pressure, and the residue is diluted 
with methanol and then acetone (17). The precipitated crude product is 
collected and dried. The neutralization of the elute can bo carried out with 
caustic soda, in winch case a filtiation of inorganic salts is rcquiied befoie 
the acetone precipitation. In general, the eluate volumes are 0.1 to 0.05 of 
the volume of the whole broth. 

A convenient modified eluate is 0.1 N metlianolic hydrogen chloride (13), 
since civide streptomycin hydrochloride can be isolated from the eluate by 
addition of dry ether. Use of 60 per cent acetone-water containing hydro- 
chloric acid for elution has been reported (19). The eluate m this instance 
18 neutralized with caustic soda, concentrated under reduced pressure, and 
the product is precipitated by addition of sufficient acetone to bring the 
acetone concentration to 80 per cent. This procedure has the advantage of 
using only one solvent, thus avoiding the recovery and fractionation of large 
volumes of mixed solvents. 

The elution of carbon adsorbates with dilute sulfuric acid and the isola- 
tion of crude streptomycin as the sulfate have been found attractive (19). 
An eluting solution of 5 to 10 per cent acetone-water containing sufficient 
sulfuric acid to maintain pH 2.5 during elution is effective. Addition of 
acetone until its concentration is 75 per cent precipitates streptomycin 
sulfate in good yields This procedure avoids the need for neutralization 
and concentration 

A dilute aqueous solution of phosphoric acid has been employed as the 
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lJO^\cvcr, lunc Uofii iipplinl n»il> Niric.*’- lotluMAtractiou of strcptothricut 
horn lirolh (22). 'riu* ciution of (ho utUihiotio frc)m the e\c-hangcr is ae- 
by treatment t)f iiitM'otnpIoY uith.-'.UurutwI Mjhitionsof sxlhim 
ehl()ri<lc Since t)ieaiitn))ot)ci-»uii\e(l uith .i iar^je quantity of .-^ilt, a frac- 
tionation lining methanol la rwiuirwl for ?<‘p.irat}on of the tno. 

vSynthetie organic Kilfonic aci<!-(y|)c cathm-exchange roins have been 
tnoil unsucccapfnlJy for the isolation of Mroptoni> fin (23). .Vlthongh ^Jich 
rc.-ims a(Norh streptomycin hy ion c.vc|iange, the re.-in-anljhiotic salt.s are so 
stable that moat reagcnl.s, .Mich a.s inorganic acids, inorganic salt\ organic 
acids, inorganic or organic base>, employed to ehite or de.'-orb the anlUnotie 
arc required in .Mirh quantities or in such strength that the slrcptomj cm i< 
either dostroyeti or great/y contaminated with the cliutng agent. The 
strong acidity of tlic .-‘Ulfonie acid e.\cJiangcrs preclude?* high si>ceificity l>c- 
cause of the presence of a considerable <iuanlity of nitrogen ha.M.s in the 
broth. 

Tlie u(Kuri)tion of streptomycin from filtered broth is n^udiJy aceoin* 
ph'hed hy uiidition of aclivatol carhoii and agitation of the mixture, fol- 
lowed Ijy filtration. The pH of the filtered broth affects the ad.-orption 
efficiency. With all activatotl carl>on>, pH d-S is opiimah Pigment ud- 
sorjjtion increaK’s, whereas the total soUds and streptomycin adsorption 
decrease below pfi G; and at pH 2 no significant ud'orption of .>-treptomycin 
occurs (17). The quantity of carbon re<niirtd for efficient ad-orption de- 
pends vipon the nature of the carbon ami upon the (luullty of the hroth. 
With .‘•olutions of pure .•'treplomyciii Jiydrochloridc, carbon eapacitIe.^ of 
SO.OOO pg/gm, depending upon (he nature of the carbon, h.ive l>ccn ob- 
tained The capacity of aeliv.atcd carbon is lower wlicn it i^ app)ic<l to 
filtered broth. Capacities of lO.tXK) to 20,000 pg gm are ul)>a?rvcd when 
broth of 300— iOO pg mlisu-Md. The K’loclion ofa .Miti'-faclorycarbonand 
the optimal requirement of carbon mu‘>t i>o cstahiished for each tj'pe of 
brotii 

Large-scale adsorption of sfrepiomycm is generally carried out on a con- 
tinuous basis (3, 4} The carbon is introduced into the clear liquor auto- 
matically at a predetcmimtd rale and (horoughb* mixed by passing the 
sluny through tanks wUh efficient agitators liefore the mixture is filtered. 
The addition of carbon must be carefully controlled, since insufficient car- 
bon results in incomplete adsorption, and excess carbon reduces elution 
j'lelds. The* rich carbon is .separated bj* the use of a continuous filter. 

Use of large-scale static carbon beds for adsorption and elution lias been 
reported (17). No quantitatne companson of the performance of charcoal 
suspensions versus column adsorption and elution was recorded. The ob- 
se^'at ion has been made that static carbon beds could be used for successive 
adsorptions and elutions without impaired efficiency (17). This feature is 
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advantageous, since the caihon ie<iuiicments for laige-sealc opciations are 
very large. 

Elution and recovery of crude slreptomycin 
As mentioned previously, carbon udsoibatcs contain considerable quan- 
tities of impurities, and thercfoic methods for the paitial removal of these 
impurities from the adsorliato prior to eiutioii liad to be developed. The 
common practice now is to wash the caibon adsoibate with solvents before 
the elution step. Washing tlic adsorbate with copious quantities of water 
(17, 18, 19) or with aqueous methanol or ethanol (3, 13) does not elute 
streptomycin but does icmove some impurities that otherwise would con- 
taminate the product. 

Elution of carbon adsorbates is canied out in all piocesses with dilute 
acids. Generally, sufficient acid is employed to maintain a pH 1.5-2.5 for 
tlic elution slurry (17, 19). Alcoholic hydrochloric acid solution was the 
first successful eluting agent used (5), and several modifications of this 
eluting solution have found application in subsequently reported processes. 
For large-scale operation a two-stage countercunent elution procedure has 
been reported in order to maintain low’ elute volumes. Such elutes aie neu- 
tralized and concentrated under reduced picssurc, and the residue is diluted 
with methanol and then acetone (17). The precipitated crude pioduct is 
collected and dried. The neutralization of the elute can be carried out with 
caustic soda, in which case a filtration of inorganic salts is requned before 
the acetone precipitation. In general, the eluate volumes are 0. 1 to 0.05 of 
the volume of the whole broth. 

A convenient modified eluate is O.l N mcthanolic hydrogen chloride (13), 
since crude streptomycin, hydrochloride can be isolated from the eluate by 
addition of dry ether. Use of GO per cent acetone-water containing hydro- 
chloric acid for elution has been reported (19) The eluate in this instance 
is neutralized with caustic soda, concentrated under reduced pressure, and 
the product is precipitated by addition of sufficient acetone to bring the 
acetone concentration to 80 per cent. This procedure has the advantage of 
using only one solvent, thus avoiding the recovery and fractionation of large 
volumes of mixed solvents. 

The elution of carbon adsorbates witli dilute sulfuric acid and the isola- 
tion of crude streptomycin as the sulfate have been found attractive (19). 
An eluting solution of 5 to 10 per cent acetone-water containing sufficient 
sulfuric acid to maintain pll 2 5 during elution is cfTective. Addition of 
acetone until its concentration is 75 per cent precipitates streptomycin 
sulfate in good yields. Ihis procedure avoids the need for neutralization 
and concentration. 

A dilute aqueous solution of phosphoric acid has been employed as the 
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eluting solution (17). The introduction of phosplmfes, hou-evcr, is dis- 
advantiigcous, because troublesome, insoluble phosphates arc formed when 
the eluoto is neutralized uith caustic. .Vn organic acid such as formic acid 
(24) in 50 per cent methunohwater is also an c/Tcctive eluting agent. A 
crude precipitate of streptomycin formate is obtained by concentration of 
the cluate to a small x'olume, dilution of the residue with methanol, followed 
by addition of acetone. 

Two processes (17, 18) employ a tx\‘o-»tage carbon adsorption and elution 
procedure. In these cases the first eluale or (he crude solid obtained from 
the cluate is readsorbed on charcoal and cluletl again. Fractionation of the 
first crude product is accomplished in one instance by carrying out the 
adsorption portioa\'isc first at pll 4 and then at pU 0.0. The second ad- 
sorption and elution bring about a significant purification. 

Inasmuch as the iiotcncy and the quality of the crude streptomycin are 
related to the nature of (he har\*cstcd broth, evaluation of the relative 
efficiencies of the know n concentration procedures is difficult. Crude prod- 
ucts ranging m potencies* from 200 (o COO pg/mg in >nelds of 30 to 63 per 
cent (based on wliolo broth) have been reported. 

PuuiFiCATiON OF Stiil'i*to.uvci.v Co.vcF.vrn.iTKs 

In the early pharmacological and clinical studies of streptomycin, tovic 
reactions frequently ucrc obscr\’cd. Variation in the pliarmacological re- 
actions also was noted, which could be attributed only to the low quality 
and variability of the available streptomycin. There was recognition al- 
most from the outset that purification was mandatory, if the drug was to be 
released for widespread use by the medical profession. ^Vmong the to.vic 
impurities tliat needed elimination or reduction were those causing pyro- 
genic response, acute toxicity in mice following intravenous injection, his- 
tamine-Iike reactions, ncuroto-xic manifestations, and irritation and pain 
reactions after injection. 

A number of different methods of purifying crude streptomycin arc now 
kno^m. These methods mil now be discussed. 

Chromatography 

The application of chromatography to the purification of streptomycin 
has been well summanzed by Peck (25) in a paper presented before the A^'cw 
York Academy of Sciences. Chromatography has proved to be an invalu- 
able tool in the purification of streptomycin and has been used in nearly 
even' knoivn process for the preparation of an essentially pure product. 

Two adsorbents, alumina and activated carbon (26), have been employed 
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for column chromatography, although the former lias been studied more 
intensively. The procedure employed in general is to percolate a solution 
of streptomycin hydrochloride in 80 per cent methanol-water at pH 5-0 
through a vertical column packed with a pretreated alumina. As the 
streptomycin passes into the column, 80 per cent methanol-water is fed 
continuously into the column until the cluate shows the presence of only a 
negligible quantity of streptomycin. Since streptomycin is colorless and is 
similar in properties to many of its impurities, visual observation of the 
chromatographic performance is not possible. The location of the purified 
eluate fractions was determined at first by microbial assays; but later Car- 
ter, Clark, Dickman, Leo, Snell and Strong (13), in the first literature 
description of the chromatographic purification proceduie, emplo^'ed the 
Sakaguchi test for guanido groups and a chloride test to locate the active 
eluate cuts. More specific color reactions and rapid chemical assays are 
now available (27, 28), which facilitate tlic operation of the alumina col- 
umns. 

According to the procedure of Carter and his associates, the alumina 
was washed first with dilute sulfuric acid and then with water until 
the washings were free from sulfate, and dried. Tlie weight ratio of ad- 
sorbent to crude streptomycin employed for cliromatography was 25:1 
to 50:1. In following tlio progress of chromatography a microbiologically 
inactive filtrate fraction giving a positive Sakaguchi lest was observed, 
which was followed by a fraction giving a negative Sakaguchi test Subse- 
quent fractions gave positive to strongly positive tests, paralleling the mi- 
crobiological evaluation. A small amount of active material remained on 
the column and was removed only by increasing the water content of the 
developing solution. The later cluates contained sulfate but no chloride 
ions, indicating an exchange of anions. Since streptomycin sulfate is less 
soluble in methanol-water than the hydrochloride, the behavior is under- 
standable. The most active fractions of the eluate were concentrated to 
remove the methanol and lyophylizcd to a white product, wliich according 
to microbial assays was almost pure 

The use of alumina washed with hj’drochlonc acid instead of sulfuric acid 
has also been reported (19). In this case no retention of activity uns noted, 
as IS experienced with the alumina washed with sulfuric acid. 

Alumina chromatograpliy of crude streptomycin hydrochloride has been 
applied successfully to the lai^e-scale production of streptomycin (29). 
Accoiding to this report the procedure is similar to those already discussed. 
The large columns are filled with 100-200-mesh alumina and are operated 
under a pressure of GO pounds per square inch. The performance of the 
chromatography is followed by spot analysis of the eluate cuts. 

The purification efficiency of alumina chromatography is to some extent 
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dependent upon tlic potency of the cnidc streptomycin liydrochloride. 
With very low potency cruder), ;i preliminary piiritication is essential. 
Picric acid treatment of a low (piulity crude prior to chromatography (20) 
illustrates this point. 

An e.Kammation made by Peek (2o) of all the avaiJaldc (luantitaf ive data 
indicates that during alumina cJiromatography streptomycin pas.-^e-s through 
the column at a faster ndc than the impurities. Thii» report indicates that 
streptomycin is about the least strongly adsorhwl eomponent of enidc con- 
centrates. The addition of alumina in portions to a melhaiiolic solution of 
crude sticptomycm hj'droehloridc remove.s a significant amount of the 
impurities, with a coneomitani mcreas? in jiurity of the piixliift lemainiiig 
in solution (20). The development of this principle into a jiraclical process 
was leportcxl by .MuoHcr (30) The method does not rcfiiiiie columns and 
employs a methanol solution of ertnle .streptomycin iiho-jihatcdiydrochlo- 
nde. Addition of several portions of altunina and separation and elution 
of each portion gateafavomble fractionation of the crude. Ily thi.s process 
preparations of 200-300 #<g/mg could be increased to OtXl-Oofl jig/nig. 

Punfied streptomycin is obtained from the ehiates by concentration to 
small volume and lyopliylization of the arjticoiis residue or by application 
of the solvent piecipitation pro<'c>dtircs«b-cusscd previously. 

The chromatogiaphy of inorganic salts otJier than the h>droehloridc of 
streptomycin and the sulfate has not mecived much attention, primarily 
because of the low solubility of thc.'O .silts in molhimol-water. Colored 
salts of streptomycin uilh organic acids liuve been hubjcctwl to chromatog- 
raphy (31, 32), but they di«I not exhibit any advantage over the hydro- 
chloride 

Other purification methods 

Since streptomycin is knoxi n to be an organic base, it is onlj' natuial that 
anumberoftheknownamineprecipitants should have been tested for use- 
fulness in the purification of this compound. The e.vpcrionco gained in the 
purification of strcptothricin by the use of organic acids (24, 31, 32) gave 
added impetus to this approach 

A number of crystalline nater-in.sotublc .salts of strcptomj’cin acre pic- 
pared during the early investigatiun.s. Not only weic they useful in the 
isolation of pure streptomycin but they aHo facilitated establishment of the 
empirical formula of the antibiotic Among these .salts were the rcincckafe 
(31, 33), the helianthale (26, 32), and the p-(2-h>drox3'-l-naphtliyIazo)- 
bcnzencsulfonatc (26, 32) The last t\\ o dei ivat ives require Methyl Orange 
and Orange II respectively for their preparation. These derivatives iieie 
obtained in crystalline form only nhen the streptomycin concentrate used 
was at least 50 per cent pure, and consequently they a ere prepared after the 
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crude streptomycin had been chromatographed. When concentrates of 
low purity were used for the preparation of these salts, mixtures were ob- 
tained that were difficult to purify. The crystalline derivatives were 
readily converted into essentially pure streptomycin hydrochloride, hydro- 
bromide, or sulfate by treatment wth the appropriate inorganic acid. The 
hydrochloride, for example, may be prepared from streptomycin helianthatc 
by stirring a mixture of the latter and a solution of hydrochloric acid- 
methanol (ratio 1:2G by volume) until the helianthate has been consumed. 
The insoluble jMethyl Orange is separated by filtration through a layer of 
decolorizing carbon, and the filtrate is diluted with a copious quantity of 
acetone. The precipitated sticptomycin hydrochloride is obtained in al- 
most quantitative yield, and after drying is analytically pure (20). 

Streptomycin is precipitated by picric acid (26, 31) and phosphotungstic 
acid (31), but no reports have appeared describing whether these salts have 
been pure or whether they have been obtained in crystalline form. Both 
salts, however, have been used effectively at some step in the preparation 
of pure streptomycin. Picric acid has not received serious consideration 
for large-scale use because of the possible hazards involved. 

Streptomycin forms precipitates with tannic acid and with a number of 
commercially available dyes containing sulfonic acid and carboxyl groups 
(34). Among these dyes are Indigotine Certified, Solantine Yellow, Erie 
Fast Orange G. G., Niagara Blue, Azo Bordeaux, and Erie Fast Brown. 
These dyes in general are of limited value in the purification of crude strep- 
tomycin because of their lack of selectivity. 

The preparation of a crystalline form of streptomycin suitable for thera- 
peutic use is of considerable importance, since crystallization is generally a 
means of achieving a high degree of purity and generally ensures constancy 
of chemical composition. The conversion of a crystalline salt of streptomy- 
cin that is not pharmaceutically satisfactory (such as the helianthate) into 
a clinically acceptable salt does not, however, necessarily offer the same 
assurance, since the chemical agents required for the conversion may in 
some way affect the streptomycin molecule. 

Peck, Brink, Kuehl, Flynn, Walti and Folkers (35) observed that strepto- 
mycin hydrochloride and calcium chloride form a crystalline double salt. 
This observation was of special importance, since this double salt was the 
first crystalline form of streptomycin suitable for parenteral use. The 
ultimate purity of this complex could be ascertained with certainty by solu- 
bility analyses, and consequently tlie pharmacology of streptomycin itself 
could be studied with assurance. As the double salt can be recrystallized 
readily, a product with constant chemical, biological, and physical proper- 
ties can be obtained even from crude streptomycin of questionable char- 
acter. 
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Cr>’fetalline htreptoniycin (rihydrochloride calcium chloride double bait, 
also referred to as ilrcptomycin calcium chloride complex, may l)e prepared 
by m’xing methanolic solutions of htrcptomycin !»> drochloridc and calcium 
chloride. Hy proper adjustment of volume.s, the complex crj'stallizes from 
the solution in high 3'iehl a.s elongated needles. 

Strept om5’cin hydrochh»ride of 40--.i0 per cent purity i.-. suitable for prepa- 
ration of the complex. Cmdeeoiieentratesoflovier purity can heubod, hut 
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(streptomycin B) (36) forma a cryblullinc complex with calcium chloride, 
under the optimum conditions for the fornuition of tlie streptomycin com- 
plex, these possible contaminants aie lost in the mother liquor, especially if 
the crystallization conditions are properly controlled (37). 

The preparation of stieptomyein calcium chloride complex is being car- 
ried out on a large scale (10) in essentially the manner just described. The 
complex is produced for use as such and for the preparation of other salts of 
stieptomyein, such as the sulfate and the hydrochloride. The prepaiation 
of crystalline streptomycin trihydrochloridc has been reported recently 
(38). The crystalline salt was obtained from methanol as monochnic 
prisms containing two molecules of water. A crystalline foim of strepto- 
mycin trihydrochloride containing one molecule of methanol of crystalliza- 
tion was obtained from a solution of the salt in a mixtuic of methanol and 
acetone (39). The crystalline salt, isolated as fine needles having limited 
solubility in methanol (1 gm in 25 ml), loses its methanol and crystallinity 
when heated at 50*C in t'acuo. No report of the crystallization of stiepto- 
mycin sulfate has thus far appeared. This salt of streptomycin and the 
hydrochloride and the calcium chloride complex constitute the salts of 
streptomycin now in use by the medical profession, 

Conversion of one salt of streptomycin into another is accomplished by 
the usual methods of metathesis. Thus, streptomycin hydrochloride was 
prepared from the sulfate by treatment of the latter with a stoichiometric 
amount of calcium chloride (19). A more general method employs syn- 
thetic anion-exchange resins (23), which facilitate the preparation of salts 
ihfficult to prepare by netathesis 

StAHIUTT of STnEITOMYCIN 

I^nowledge of the stability of stieptomyein is important with respect to 
the processing steps and to the storage of the final product. As previously 
indicated, streptomycin solutions arc stable in moderately acid and alkaline 
solutions (17, 20). The maximum stability of culture filtrates and of 
aqueous and methanol solutions of stieptomyein hydrochloride is in the 
range of pH 3.0 to G.O at temperatures below 25'’C. Solutions of commer- 
cial streptomycin sulfate (100/ig/ml) at pH 3 to 7 are stable for at least 60 
days’ storage at 7° and 25°C. At higher temperatures, inactivation occurs 
at a significant rate; at 95“C about 50 per cent of the streptomycin is de- 
stroyed in 4.5 hours. The stability data presented by Regna, Wassellek 
and Solomons (20) is given m table 6, in which the half life of purified 
streptomycin under conditions of pH and temperature is indicated. 

Commercially available streptomycin salte containing less than 3 per 
cent moisture are stable when stored at room temperature over long periods. 
Very little, if any, inactivation was observed when samples were held at 
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50^C for 10 weeks. Recognition of the stability of streptomycin salts has 
resulted in the extension of the expiration date for the sale of commercial 
streptomycin salts from 12 months to IS months from the time of packag- 
ing. The specifications of the Food and Drug Administration in 1946 
required that the drug be refrigerated at 15*C. The refrigeration require- 
ment was dropped in Fcbru.aiy 1918, when the expiration date was ex- 
tended. 
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JlalJ life of pure »lreplom;/ein under different condiiiont of pU and temperature (20) 
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CoiirouNDs Rel.ated to SraEiTouTcw 
Mannosidostrcplomijcin 

Fried and Titus (40), during a study of the alumina chromatography of 
streptomycin concentrates, obtained in addition to active fractions of high 
streptomycin content a number of Jess active, more firmly adsorbed frac- 
tions liaving a microbial potency of 150 to 200 pg/mg. The behavior of 
these fractions toward a modified Craig countercurrent distribution tech- 
nique (14) and toward alkali su^csted tliat they contained a new antibioti- 
cally active base closely refated to streptomycin. The isolation of this new 
substance, named by tJie autliors streplomt/cin B, ^vas accomplished by 
treatment of chromatogropljic fractions with rcinccke salt, whereby a 
crystalline trireineckate was obtained. After several reciystallizations of 
the latter from warm water, the rcmcclcatc was converted into streptomy- 
cin B sulfate by reaction with silver sulfate (36). Structural studies by 
Fned and Stavely (42) established that streptomycin B contains the struc- 
tural elements of streptomycin joined glycosidically to n-mannose. This 
latter observation gave rise to tlie name munnosidoslreptomycin. 

Streptomycin and maimosidostreptomycm differ in their antibiotic micro- 
bial spectrum (43)- Against Kl. pneumoniae, streptomycin is about 3.7 
times as active as BiannosUostreptomycin, and against B. suUilis the ratio 
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is about 5 to 1. The two compounds form approximately the same quan- 
tity of maltol on treatment with alkali. By comparing the maltol color 
assay (28) with the microbial assay (B, &uhHU3) it is possible to calculate 
with some degree of accuracy the quantity of mannosidostrcptomycin in 
streptomycin. The quantitative estimation of the two in a mixture can be 
made by the modified Craig countercurrent distribution technique (30, 14). 
A colorimetric assay for mannosidostrcptomycin in mixtures wth strepto- 
mycin, wliich depends upon a color reaction of mannose, was publislied re- 
cently (44). 

Streptomycin remains the drug of choice, since little is knosvn about the 
pharmacology of mannosidostrcptomycin. x\.t present the latter is gen- 
erally separated from streptomycin during the purification steps, but this 
practice represents an economic loss. Control of the fermentation process, 
however, keeps the microbial production of mannosidostrcptomycin at a 
low level. 

The conversion of mannosidostreptomycin into stcptomycin was accom- 
plished by enzymatic action of ccU-free preparations from a streptomycin- 
producing strain of S. griseus (45), and it is probable that this process will 
find commercial application. The enzyme, mannosido&trcpiomycinase, is 
not present in significant quantities in a number of commercial enzyme 
preparations, 

Dihydroslrcplomycin 

Studies on the elucidation of the structure of streptomycin led to the ob- 
servation that the compound adds two hydrogen atoms when subjected to 
conditions of catalytic hydrogenation. Reports from three laboratories 
appeared about the same time describing the hydrogenation of streptomycin 
and the properties of the dihydrostreptomycin (46, 47, 48). Dihydro- 
streptomycin was obtained as the crystalline trihelianthate (46) and crystal- 
line reineckate (48). Although tlic preparation of analytically pure dihy- 
drostreptomycin trihydrochioridc was described, the isolation of crystalline 
dihydrostreptomycin hydrochloride and crystalline dihydrostreptomycin 
sulfate lias been accomplished only recently ^9). 

Dihydrostreptomycin is qualitatively very similar to streptomycin with 
regard to chemotherapeutic and pharmacological effects. The dihydro 
compound assumed particular importance with tile discovery that vestibu- 
lar dysfunction appears much later and is less severe with prolonged 
administration of dihydrostreptomycin than ivith streptomycin under simi- 
lar conditions. 

The reduction of streptomycin occurs at the aldehyde group, and the 
resultant dihydrostreptomycin is more stable than the precursor. Dihy- 
drostreptomycin does not respond to any of the carbonyl reactions charac 
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50°C for 10 ^Yeek3. UecogniUon of the fitabUity of streptomycin salts has 
resulted in the extension o! the orpimtion date for the sale of commercial 
streptomycin salts from 12 months to 18 months from the time of packag- 
ing. The specifications of the Food and Drug Administration in 1945 
required that the drug be refrigerated at 15°C. The refrigeration require- 
ment u-as dropped in February' 1918, when the e.vpiralion date \Ya.<J ex- 
tended. 
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Half UJe oj pure tlrtplamycin under different eondiliont of pU and lemperalure (30) 
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CoitPOUKDS Rel-xted to SraEwoMvcix 
MannosidoUreptomydn 

Fncd and Titus (40), during a study of the alumina ebromatographj’ of 
streptomycin concentrates, obtained m addition to active fractions of high 
streptomycin content a number of less active, more firmly adsorbed frac- 
tions having a microbial potency of 150 to 200 ;/g/mg. The behavior of 
these fractions toward a modified Craig countctcurrent distribution tech- 
nique (14) and toward alkali suggested that they contained a new antibioti- 
cally active base clos-cly related to streptomycin. The isolation of this new 
substance, named by the authors streptomycut B, was accomphshed by 
treatment of chromatographic fractions with rcinecke salt, whereby a 
crystalline tnreineckate was obtamecl. After several reciystallizations of 
the latter from ivana water, the remcckatc was converted into streptomy- 
cin B sulfate by reaction with silver sulfate (30). Structural studies by 
Fried and Stavely (42) estabhsliod that streptomycin B contains the struc- 
tural elements of streptomycin joined glycosidically to n-maanosc. This 
latter observation gave nse to the name mannoeidoslrepiomycin. 

Streptomycin and mannosidostreptomycm differ in their antibiotic micro- 
bial spectrum (43)- Agamst Kl. pneumonias, streptomycin is about 3.7 
times as active as mannosidostreptomycm, and agamst B. si^liUs the ratio 
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is about 5 to 1. The two compounds form approximately the same quan- 
tity of maltol on treatment with alkali. By comparing the maitol color 
assay (28) with the microbial assay {B. sublilis) it is possible to calculate 
with some degree of accuracy the quantity of mannosidostrcptomycin in 
streptomycin. The quantitative estimation of the two in a mixture can be 
made by the modified Craig countercurrent distribution technique (36, 14). 
A colorimetric assay for mannosidostreptomycin in mixtures with strepto- 
mycin, which depends upon a color reaction of mannose, was published re- 
cently (44). 

Streptomycin remains the drug of choice, since little is known about the 
pharmacology of mannosidostreptomycin. At present the latter is gen- 
erally separated from streptomycin during the purification steps, but this 
practice represents an economic loss. Control of the fermentation process, 
however, keeps the microbial production of mannosidostreptomycin at a 
low level. 

The conversion of mannosidostreptomycin into steptomycin was accom- 
plished by enzymatic action of cell-free preparations from a streptomycin- 
producing strain of S. griseus (45), and it is probable that this process will 
find commercial application. The enzyme, inannosidostreptomycinase, is 
not present in significant quantities in a number of commercial enzyme 
preparations. 

Dihydroslreplomycin 

Studies on the elucidation of the structure of streptomycin led to the ob- 
servation that the compound adds two hydrogen atoms when subjected to 
conditions of catalytic hydrogenation. Reports from three laboratories 
appeared about the same time describing the hydrogenation of streptomycin 
and the properties of the dihydrostreptomyein (40, 47, 48). Dihydro- 
strep tomycin was obtained as the crystalline trihelianthate (46) and crystal- 
line reineckate (48). Although the preparation of analytically pure dihy- 
drostreptomycin trihydrochloride ivas described, the isolation of ciystalJine 
dihydrostreptomyein hydrochloride and crystalline dihydrostreptomyem 
sulfate has been accomplished only recently (39). 

Dihydrostreptomyein is qualitatively very similar to streptomycin ivith 
regard to chemotherapeutic and pharmacological effects. The dihydro 
compound assumed particular importance with the discovery that vestibu- 
lar dysfunction appears much later and is less severe with prolonged 
administration of dihydrostreptomyein than with streptomycin under simi- 
lar conditions. 

The reduction of streptomycin occurs at the aldehyde group, and the 
resultant dihydrostreptomyein is more stable than the precursor. Dihy- 
drostreptomycin does not respond to any of the carbonyl reactions charac 
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Fig. U. Crystalline manncpsiclostreptoinycin Iiydrochloride (Courtesy of E T 
Stiller (38)) 


teristic of streptomycin. Unlike the latter, dihydrostreptomycm does not 
form maltol on alkali treatment, and tins difTerence can be used to measure 
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the course of hydrogenation and the quantity of streptomycin in samples of 
dihydrostrcptomycin. 

The hydrogenation of streptomycin may be carried out in water solu- 
tions with platinum oxide or palladium black as a catalyst under hydrogen 
pressures below 20 pounds/squarc inch. Both the crystalline calcium 
chloride complex and pure streptomycin hydrochloride have been hydio- 
genated successfully; and in the latter instance, essentially pure dibydro- 
htreptomycin hydrochloride is obtained by lyophylizing the filtered reaction 



Fio 12 Crystalline dihydrostrcptomycin hydrochloride (39) 


mixtme Since dihydrostieptomycin does not form a crystalline calcium 
chloride complex (48), the use of streptomycin calcium chloride complex 
for tlic preparation of dihydrostreptomycin requires the removal of calcium 
either before or after the hydrogenation step. 

The catalytic hydrogenation of streptomycin has been adapted to Jarge- 
hcale production, and today dihydrostreptomycin is readily available as the 
sulfate and as the hydtochlonde. 

Mannosidostreptomycin undergoes catalytic hydrogenation under the 
same conditions developed for streptomycin (3G). To date, no pharmaco- 
logical or clinical data for dihydromannosidostreptomycin have appeared. 
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mannoeitlostreptomycin Jijdrochlonde (Courtesy of E T 


teristic of streptomycin. Unlike the latter, dihydrostreptomyciri docs not 
form maltol on alkali treatment, and this difference can be us^ fo measure 
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Certification of Streptomycin and Dihydrostreptomycin 
In the interest of the public welfare, introduction of a new drug today 
requires approval of the Food and Drug Administration. To obtain this 
approval the producer must present to this governmental agency the 
chemical, pharmacological, and clinical data that establish the effectiveness 
and safety of the new medicinal. Approval must also be obtained for 
every new pharmaceutical preparation containing the drug. 

The Food and Drug Administration is also responsible for establishing 
the specifications for a new drug and for preventing the sale of drugs that 
do not conform to these specifications. This agency also has the right to 
set up a system of certification, which requires that samples of all lots of a 
given drug must be examined and found satisfactory by the Food and Drug 
Administration before the particular lot can be sold. 

The provisions of Section 507 of the Food, Drug and Cosmetic Act (52 
Stat. 1040, 1055, as amended by 59 Stat. 463 and 61 Stat. 11; 21 U.S.O. 
Supp. 357) require that each batch of penicillin or streptomycin or of a 
derivative be certified by the Federal Security Administration (49). To be 
certified, each batch must have the characteristics of quality and purity 
established by the regulations that ensure safety and efficacy. At present, 
these certification regulations apply to all samples of penicillin, streptomy- 
cin, and dihydrostreptomycin offered for sale, even if these are pure. 

Streptomycin spccificaiions 

Certification for sale of a lot of streptomycin is obtained by submitting to 
the Food and Drug Administration a complete duplicate analysis of the lot. 
These analyses cover the specifications (50) listed below. From each lot 
the producer submits to the Food and Drug Administration as samples five 
vials for every 25,000 vials of drug and one additional vial for every 5,000 
vials up to a maximum of twelve vials. These samples are tested by the 
Food and Drug Administration, and if the samples meet the established 
specifications, the lot of streptomycin is certified for sale. The lots must 
pass the following specifications: 

Potency. The potency of the material must be greater than 300 /ig/mg. The 
potency of the &treptomycin ia measured by its antibiotic activity against a standard 
strain of B. suhlilis or Kl. pneumoniae mth either the cup-diffusion method or the 
turbidimetric method of assay. 

Slerility. The lot must be sterile. The sterility test involves the incubation at 
for 4 days of a medium contaiuiog streptomycin and a substance known to inac- 
tivate streptomycin (such as thioglycolUc acid or hydroxylamine). One tube in the 
test is inoculated with Kl. pneumontae. The inoculated tube should produce growth, 
whereas the other tubes should be devoid of growth. 
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FiNisiiiNa Opehations 

After extensive chemical processing of a streptomycin or dihydrostrepto- 
mycin salt to ensure purity according to chemical and pharmacological 
standards, there still remains the complex steps of a finishing operation for 
the production of a clinically acceptable fonn of the drug. Streptomycin 
and dihydrostrcptomycin salts must be made available to the medical pro- 
fession as sterile powders contained in a sterilizctl vial, nhich can be used 
convenicntlyforthcprcpanitionofsolutionssuitablcforparcntcral use. To 
ensure complete sterility, the purifie<l products aio procc.s.scd through addi- 
tional steps for lemoval of spores and bacteria. This is done by passing a 
concentrated solution of the streptomycin or diliydrostreptomycin salt 
through bacterial filters; and stenie techniiiiies are cmploywl throughout 
this and subsequent operations. The sterilized solution is concentrated to 
drjmcss in trays or in stcrilize<l vials. In the latter instance, a measured 
amount of solution is placed in each ampule before concentration. The re- 
moval of water from the solution is carrieil out by the lyophyllzation pro- 
cedure, which was developed previously for sensitive biologicals and applied 
successfully to the processing of penicillin. .Solutions of streptomycin or 
dihydrostrcptomycin m this mctho<l arc frozen and clnllod to —•10*0, and 
the frozen concentrate is placed in a high vacuum dryer at less than 100 p 
of pressure. Sublimation of the ice occurs, and the water vapors from the 
do’cr pjtss to a condenser maintained at — 80®C. The vapor collects on 
the condenser walls as ice and is scraped oiT regularly as rcquinxl. 

When the lyophylization is carrictl out on trays, the product is removcil 
from the trays, milled, and blended. Again these operations are all carried 
out under aseptic conditions. The product is tested according to the rigid 
specifications of the Food and Drug Administration; and if the lot conforms 
to these specifications, it is subdivided into ampules under stenie conditions 
in low humidity stenie cabinets Since streptomycin preparations are sold 
and used on the basis of their free streptomycin content, vials containing 
the equivalent of 1 gm of free base actually contain moie than this quantity 
of solid. One gram of streptomycin base is contained m 1 19 gm of pure 
streptomycin trihydrochlonde, m 1.25 gm of pure streptomycin sulfate, and 
in 1.28 gm of pure streptomycin calcium chloride complex. With less pure 
samples of these three salts, the weights equivalent to 1 0 gm of streptom 3 '-- 
cin are greater than the values just noted. The label on the vial alwa.vs 
indicates the weight of streptomycin base contained in the vial but does not 
generally state the actual w'eight of the contents. Unless one weighs the 
contents of the vial or assays a sample, it is not possible to ascertain the 
purity of a given sample, except for known averages. 
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Toztcity. A <iuaatltathc acuto toxicity tcit bn^oil on Ott’a (52) procedure is 
employed. Tliis jirocciltire coii‘:ixt8 in iiijectiiii; rarli of n\c mi< c, uciKhiiiK IS to 25 
gin, with a test do^c of 0.3 ml of .n Miliitioii coii<.iitiIiig 2 mg of streptomycin h.k-c |)cr 
cubic centimeter of bolution. The injection should he m.idc o> er .i ]>criod of not more 
than 5 sccondb. If iiu iknini.il dica witliiu 4S (iour:i, the :(.implc coiissidcrcd »atH- 
factory. If one or mure animals die within 4S hoiii-s, the test is rcjieatcd with five 
additional mice; if all aniiu.ah survive thcrc|>eat test, the sample is acceptable. 

lIialamine‘Uke sufiafancc. The product is tc»tc<l for l>loud-depre.s.sor factors h) 
intravenous micction into .in .mesvhetized cat. A dose of 3 mg of l>.isc should produce 
a drop in blood pressure of not more than th.it produced hy U.IO pg of hlst-imiiic |Kr 
kilogram of body weight. 

.1/otsIure. The lot should contain not more than 3.1) per cent muisturc os determined 
by drying a sample in a vacuum oven at C0*C , at a pres-suro of 5 mm of mercury of 
less for 3 hours. 

p//. An aqueous solution of 0.2 gni Uisc per milliliter should have a pif between 
4 5 and 7 0. 

Solubility. Solutions prepared by adding U 2 gm of streptomy cin b.ise to 1 ml of 
water, to 5 per cent dextrose solution, or to physiological .\alinfi solution should be 
substantially free from turbidity or undissulvcd material. 

PyrogCM The lot must not giv'e a positive pyrogen reaction when 10 mg of 
streptomycin base per iiiilHIiter is injeeted into rabbits A positive rLMCtion is indi- 
cated by a temiierature rise of 0.0’C or more. A more quantitativ c method of deter- 
mining pyrogens will be published shortly by \V. 11. Olt (41). 

Dihijdroilrcplomtjcin spcciftcalions 

Certification before Sile is rcquirctl for diliydrosticptomycin (53). Each 
lot of the drug must confuini to the specifications eatahli&lied forstrcjitoniy- 
cm e.\cept that: 

The potency* must not be less than COO og/mg 

The content of streptomycin sulfate or streptomy cin hydrochloride must not ex- 
ceed 3 per cent when calculated us streptomycin b.ise The streptomy cin content is 
established by the fcrnc-mallol colonmctnc assay 
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Chapter 5 

THE CHEMISTRY OF STREPTOMYCIN 


It is the purpose of this review to describe some of the salient and primary 
features of the chemical research on streptomycin so that this information 
can be readily perused for a genera! knowledge of the subject. It is neither 
intended nor possible to review all of the chemical literature on streptomy- 
cin, or to present an exhaustive and detailed review of the organic chemistry 
in this chapter. 

Discovery 

A new antibiotic, designated streptomycin, was recognized by Schatz, 
Bugie, and Waksman (1) in 1044 in concentrates from the culture media of 
two strains of an actinomyces which is related to an organism described 
today aS S. griseue. This antibiotic was immediately of great interest, be- 
cause it exhibited selective activity against gram-negative bacteria. Strep- 
tomycin resembled streptothricin (2) in general chemical properties and 
antibacterial behavior, but streptomycin was later found to be much more 
therapeutically promising, and consequently was subjected to extensive 
chemical, biological, and clinical research. However, the elucidation of the 
structure of streptothricin would be of interest for a better understanding of 
the relationship between the chemical structure and the antibiotic activity 
of the two compounds. 

Isolation 

Several laboratories initiated research on the isolation of streptomycin as 
a homogeneous substance, and within a year after the discovery of the anti- 
biotic, it was isolated in the form of pure crystalline salts. 

Fried and Wintersteiner (3) succeeded in obtaining a crystalline rei- 
neckate which permitted analytical determinations on a pure salt. Kuehl, 
Peck, Walti, and Folkers (4) were also successful in obtaining a crystalline 
salt of streptomycin when they treated concentrates of streptomycin hydro- 
chloride with the sodium salt of helianthinc (methyl orange) and found that 
streptomycin helianthate crystallized from the solution. The pure strepto- 
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Chapter 5 

THE CHEmSTRY OF STREPTOMYCIN 


It is the purpose of this review to describe some of the salient and primary 
features of the chemical research oa streptomycin so that this information 
can be readily perused for a general knowledge of the subject. It is neither 
intended nor possible to review all of the chemical literature on streptomy- 
cin, or to present an exhaustive and detailed review of the organic chemistry 
in this chapter. 

Discovery 

A new antibiotic, designated slreptomycin, was recognized by Schatz, 
Bugie, and Waksman (1) in 1944 in concentrates from the culture media of 
two strains of an actinomyccs which is related to an organism described 
today ad S. griseua. This antibiotic was immediately of great interest, be- 
cause it exhibited selective activity against gram-negative bacteria. Strep- 
tomycin resembled strcptothricin (2) in general chemical properties and 
antibacterial behavior, but streptomycin was later found to be much more 
therapeutically promising, and consequently was subjected to extensive 
chemical, biological, and clinical research. How'ever, the elucidation of the 
structure of streptothricin would be of interest for a better understanding of 
the relationship between the chemical structure and the antibiotic activity 
of the two compounds. 

Isolation 

Several laboratories initiated research oa the isolation of streptomycin as 
a homogeneous substance, and within a year after the discovery of the anti- 
biotic, it was isolated in the form of pure crystalline salts. 

Fried and Wintersteiner (3) succeeded in obtaining a crystalline rei- 
nockatc wliich permitted analytical determinations on a pure salt. Kuelil, 
Feck, Walti, and Folkcrs (4) were also successful in obtaining a crystalline 
salt of streptomycin when they treated concentrates of streptomycin hydro- 
chloride with the sodium salt of hclianthinc (methyl orange) and found that 
streptomycin hclianthate crystallized from the solution. The pure strepto- 
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the asymmetiie cciitert!, coiifirmatorj' evidence for certain details of struc- 
ture is (le&irablo. Formula I is a Haworth peispective formula, which lias 
certain advantages for visualizing blereochcmiciil relationships. 'Hie stuic- 
ture of sticptomj'cin may also be repi-cseiitctl by formula II in the more 
common Fischer convention. 

Streptomycin is derived from three substances, streptidino, streptose, 
and N-methyl-L-glucosiimine. Theac have the structures III, IV, and V, 
lespectively. A hypothetical reaction of these thiee substances, which 
perhaps takes place at least in part biogcnctically, with the elimination of 
two molecules of water yields streptomycin. 
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The ylycosidic linkage between the strcptidinc ainl strepto&e moieties of 
streptomycin is mueh weaker than tluit between tlic fet^cpto^e and X- 
methyl-L-glucosaminc portions. Consequently, streptomycin may be 
cleaved by a variety of reactioiH to yield strcptidinc plus the streptoac 
and N-methyl-L-glucosaminc moieties still joined glycosidically as a disac- 
chando. This disaccharide was designated slrcptohiosamiiic (VI). 
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In the elucidation of tlic structure of a new complex organic compound, 
those degradation reactions winch arc frequently u&cful arc acid and alka- 
line hydrolysis, oxidation, and reduction. Cleavage of a molecule by these 
methods results m the formation of smaller fragments which may be identi- 
fiable as such, or which may in turn be further degraded by one or more 
reactions to yield recognizable fragments From the identities of the vari- 
ous simpler products obtained, and the nature.^ of the reactions by which 
they were prepared, the constitution of the original molecule is deduced. 
All of these modes of attack and others were applied to streptomycin. Acid 
hydrolysis and the related metlianob'sis and meicaptob’sis reactions were 
verj' productive Alkaline hydroij'sis resulted in a molecular rearrange- 
ment of the streptose portion of the antibiotic, ilild oxidation and reduc- 
tion reactions did not lead directly to cleavage of the molecule. 


Molecular formula and properties 

Elcmentarj' analyses and potcntiometnc titrations on a number of erj's- 
tallinc salts of streptomycin, ti^thcr ivith a molecular weight determina- 
tion on the amorphous hydrochlonde, gax’e results in agreement with the 
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formula CnH 47 - 49 NiOu' 3 HX for streptomycin salts as reported by Brink, 
Kuehl, and Folkers (5, 7) . This molecular formula was confirmed by Fried 
and Wintersteiner ( 8 ) from analytical data on streptomycin reineckate, and 
by Hooper, Klemm, Polglase and Wolfrom (9) from their data on the 
streptomycin trihydrochloride calcium chloride double salt. It was not 
until the compositions of streptidine and of some streptobiosamine deriva- 
tives could be interpreted together that the formula C 21 HJ 9 N 7 O 12 for strepto- 
mycin was definitely established by Kuehl, Flynn, Brink, and Folkers (10). 

In addition to the three basic groups shown by titration, streptomycin 
contains a reactive carbonyl group. Its presence was shown by the inacti- 
vation of the antibiotic by carbonyl group reagents, and by the preparation 
of streptomycin oxime and semicarbazone (7). 

Streptidine 

Aqueous acid hydrolysis of streptomycin yielded the diacidic base strep- 
tidine, CsHigN^O^ (formula III) accoMing to Peck, Graber, Walti, Peel, 
Hoffhine, and Folkers (11). Stepwise alkaline degradation of streptidine 
gave first a urea derivative, strepturea (VII), and then a diamine, strepta- 
mino (VIII). Acetylation of stroptamme yielded a hexaacctyl derivative. 
Permanganate oxidation of streptidine alTordcd 1.3 moles of guanidine. 


NHCONHa 



VII. 


Thus, all of the nitrogen and oxygen atoms of streptidine were accounted 
for by two guanido groups and four hydroxyl groups. The absence of un- 
saturation suggested a cyclic skeleton, presumably six-membered, bearing 
four hydroxyl groups, and two guanido groups in the 1 ,2-, the 1 ,3-, or the 
1 ,4-positions. 

Proof that the 1 ,3-diguanido structure (III) is correct was obtained by 
Carter, Clark, Dickmann, Loo, Skell, and Strong (12) and by Peck, Hoff- 
hinc, Peel, Graber, Holly, ISIozmgo, and Folkers (13). 

Periodic acid oxidation of N,N^-diben 2 oylstreptamine (IX) gave a crys- 
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tallino fivt*-carl»)ti ilialdi'liydo (X), which in ttini yiolclfd on bromine oxida- 
tion a cli))pii7,amido}iydro\yKltdjmr acid (XI). Only stnicturc IX foi 
N,N'-dil)enz()yli.trcpt amine e«>idd nive Iho-^* le.-iilts, hluiwiii}; tliat formula 
III is correct (12). 
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Pyrolysis of hexaacctylslrcptaininc gave liigh yields of 2, 1-diacetarai- 
dophcnol (XII) and .)>acctamido-2-mclhyihenzo.xazoIc (XIII), proving also 
that strcptidinc has structure III (13). 
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Strcptidinc is optically inactive, and it was concluded that it must be a 
meso form 

The structure of strcptidme as a l,3-diguamdo'2,-l,5,G-tetrahydroxy- 
cyclohexane was confirinisl, ami its stcn*ochcmical configuration elucidated 
by a synthesis of strcptaminc from u-glucosaminc by Wolfrom and OHn 
(14). They concluded that stipptidme pos^sses theall-Zrans configuration, 
as miiicated in formula III The configuration about Cj was deduced by 
analogy, and supporting evideni e is <h*«irable 


X -truth t/l-ij-glucosamine 

Hydrolysis in boding eomentrateil hvtiroehlonc acid of methyl strepto- 
biosaminide dimethyl acetal (XIV), a dcnvutive of streptobiosaminc oli- 
tained (7, l-'l) by inetbaiiolysis «f streptomycin, led to decomposition of the 
ttreptose moiety of the disaoc hande and the isolation, after acetylation, of 
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she pentaucetyl derivative of a methylaminohcxose. This compound was 
readily hydrolyzed to the free sugar, (XV)- The new sugar gave a phenyl- 



osazone which \vas converted to a phenylosotriazole (XVI). This deriva- 
tive had the same melting point as that of the known ©‘glucose phenylso- 
triazole, and tlie specific rotation was equal in magnitude but opposite in 
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stgn. itlercuric oxide oxidation of the hexosamine gave a nitrogen-contain- 
ing acid, XVII, having the same melting point as the reported N-methyl- 
D'glucosamic acid and an equal but opposite specific rotation It i\as thus 
concluded by Kuehl, Flynn, Holly, Mozingo, and Folkers (IG) that the 
hexosamine from streptomycin was N-mcthyl-L-glucosamine (XV). 

The stnicture of N-mcthyl-L-glucosamine was confirmed (16) by its syn- 
thetjis from L-arabinosc, and by the conveision of D-glucosamine to N- 
mcthyl-D-glucosamine hydrochloride, A\hich showed the same melting 
point as the hexosamine from stieptomycin and which had specific rotation 
of equal magnitude but opposite sign. 



02 


MICIIODIOLOGICIL .VXD CHEMICAL 


Streptose 

Because of its instability, the slreptosc portion of streptomycin offered 
the greatest experimental difficulties, and its structure was the last to be 
elucidated. Strcplosc itself was not isolated, although several oxidized or 
reduced derivatives have been described. 

However, even before the isolation of any streptose derivative, consider- 
able knowledge regarding the nature of this fragment was available, and the 
formula of streptose was calculated to be CJIioO*, based on the knouii 
formulas of streptom 3 -cin and of streptidinc and the bexosaminc. 

The determination of the structure of streptose resulted from the isolation 
of co'staJJme derivatives obtained hy reduction and oxidation. For both 
degradations, the starting material was the tricth.vlmercapto derivative, 
XVIII, of streptobiosamine. 



Hj'drogenoli'sis of the acetylatcd Irimercapto derivative with Haney 
nickel cataB’st ga^'e tetraacetj'Jbisdcsoxj'Streptobiosaminc (XIX). Hj'- 
drol^'sis of the elhylmercapto groups by aqueous mercunc chloride solution 
gave tetraacetj'lstreptobiosamine (XX). Hj-drolj-sis of tetraacetj'lbisde- 
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soxyatTeplQb\os.axmne by auKurie acid affovdcd N-n\cthyl-v-glucofeamme 
and a new compound, CsHjjOj. This compound ^vas designated bisde&oxy- 
streptose and was shown by Brink, Kuehl, Fiynn, and Folkcrs (17, 18) to 
have structure XXI. Bisdesojgrstreptosc contains two C-methyl groups 
and two hydroxyl groups. It was found to react with one mole of periodic 
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acid to yield a dicarbonyl compound CeHiDOj, XXII. This product was 
readily hydrolyzed by mild acid treatment; the acetoin, which was formed, 
was cbaracterized by the preparation of several osazones of biacetyl, XXIII. 
Bisdesoxystreptose fonned an acidic complex with boric acid, indicating a 
CIS configuration of the two hydroxyl groups. 

When tetraacetylstreptobiosaminc (XX) was oxidized wth bromine 
water, and the product hydrolyzed with acid, a new lactone, CdUOe, was 
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produced. This new compound, nhich was named strcplosonic acid mono- 
laclonc, nas degraded further and found to have structure XXIV by Kuehl, 
Flynn, Urink, and Folkcrs (19). The monolactone was readily converted 
to a diamidc, XXV. The structure of strcplosonic acid monolactone and 
that of the diarnide were revealed by a studj' of their reactions with perio- 
date. Thus, the monolactone reacted v\ith tuo moles of periodic acid, and 
glyoxylic and oxalic acids were isolated and identified. Likewise, the dia- 
mide upon periodate oxidation consuincd two moles of the reagent and 
yielded acetaldehyde but no volatile acid. 


C=0 

2!UO | 

HOiC— COH 

I 

cil 

I 

CH, 

XXIV. 

CONH, 

I 

2NaIOi^ 

HiNOC— COH 

IIOCH 

I 

CHj 

XXV. 


I 


COjII COjII cho 

J + I - + I 

CHO COdl CH, 


CONH, 

CHO 


CONHs 

CO.H 


+ 


CHO 

I 

CH. 


From the kiionn stnicluies of bisdcsoxystreptose ami .stieplosonic acid, 
it was apparent that streptose has the constitution shoiwi by formula IV. 

Knowledge of the stercochemistrj' of streptose was forthcoming from sev- 
eial laboratories. Fneil, AValz, and Wintersteincr(20) isolated thephcnyl- 
osazone of 4-de&oxy-i.-crj'throsc from streptobiosamine, showing that car- 
bon atom four of strcpiose possessed the n-configuration. Kuehl, Bishop, 
Flynn, and Folkers (21) prepared the hjdrazide of dihi’drostreptosonic acid 
(XXVI). This compound is dextroiotatory and, in consideration of Hud- 
son’s rules of rotation, it was deduced that in streptosc the hydroxyl group 
on carbon atom ti\o is on the nght (Fischer formula). Since it had pre- 
^ iously been shonn that the C.- and CVhydroxyl groups arc cis (17, 18), the 
hydroxyl group on carbon atom three is also written to the nght. Tlie con- 
figuration of the groups about carbon atom two of streptose was confirmed 
by Wolfrom and DeWalt (22). These workers prepared N-acetyltetrahy- 
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(Irostreptobiosamine (XXVII), uhicli was degraded to L-glyceric acid 
(XXVIII), thus confirming the stereochemical configuiation at carbon 
atom two. 


Streptobiosamine 

The facile cleavage of streptomycin by acid to yield streptidine and 
derivatives of streptobiosamine has been mentioned. IMethanolysis of 
s>treptomycin by Brink, Kuehl, and Folkers (7, 15) gave methyl streptobi- 
osaminide dimethyl acetal hydrochloride (XIV), \\hich upon acetylation 
furnished the first crystalline derivative of the disaccharide. Cleavage of 
streptomycin with ethyl mercaptan and hydrogen chloride by Kuehl, 
Flynn, Brink, and Folkers (23) allordal the analogous ethyl thiostreptobi- 
O'^aminide diethyl mercaptal (XVIII). 

Evidence that streptobiosamine is made up of the two monosaccharides 
X-mcthyl-L-glucosaminc and streptose has been presented. It \\as early 
demonstrated that N*methyI-i.-gIucosamine uas attached to streptose 
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produced. Tliia new compouncl, which was named ^trcptosonic odd mono- 
lodouc, uas dcgradcti further and found to Ijave structure XXH’ b^' Kuelil, 
FI^Tin, lirink, and Folkers (19). The monolactone was readily converted 
to a diamide, XXV. The structure of strcptosonic acid monolactone and 
that of the diamide were revealed by a studi* of their reactions with perio- 
date. Thus, the monolactone reacted with two moles of periodic acid, and 
glyo.xyhc and o\alic acids were isolated and identified. Likewise, the dia- 
mide upon periodate oxidation consumed two moles of the reagent and 
yielded acetaldehyde but no volatile acid. 
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From the known stn,ictuR*s of tiij<U‘bOX\'streptos<* and atreptosomc acid, 
it was apparent tliat streptosc lias the constitution shown by formula IV. 

Ivnowletlge of the stereochemistiy of streptose was forthcoming from sev- 
eral laboratones Fried, \Valz. and Winterateiner (20) isolated the phcnyl- 
O'azone of 4-deso\y-L-er>-tbrose from streptobiosamine, showing that car- 
bon atom four of streptosc poaacs.'cd the L-configuration. Kueht. Bishop, 
FhTin, and Folkers (21 ) prepared the hydrazide of dihydrostreptosonic acid 
(XXVI). This compound !•« dextrorotatory and, in consideration of Hud- 
son's rules of rotation, it was deduced that in streptose the hydroxyl group 
on carbon atom two i*- on the nglit (Fischer formula). Since it had pre- 
viously been shown that the C^and CVhydro.xyl groups are cis (17, IS), the 
Iivdrovyl group on carbon atom three is also wntten to the right. The con- 
fi'mratioQ of the groups about carbon atom two of streptose was confirmed 
bv Wolfrom and DeWalt (22). These workers prepared X-acetyltctrahy- 
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drostreptobiosamine (XXVII), which was degraded to L-glyceric acid 
(XXVIII), thus confirming the stereochemical configuration at carbon 
atom two. 


Slreptohiosaminc 

The facile cleavage of streptomycin by acid to yield streptidine and 
derivatives of streptobiosaminc has been mentioned. Methanolysis of 
!^t^cptomycin by Brink, Kuehl, and Folkers (7, 15) gave methyl streptobi- 
osaminide dimethyl acetal hydrochloride (XIV), which upon acetylation 
funiibhed the first crj'stallinc derivative of the disacchandc. Cleavage of 
!>trcptomycin with etliyl mercaptan and hydrogen chloride by Kuehl, 
I'lynn, Brink, and Folkers (23) afforded the analogous ethyl thiostreptobi- 
o'^vminide diethyl mcicaptal (XVIII). 

Kvidence that streptobiosaminc is made up of the two monosaccharides 
X-methyl-L'glucosaminc and streptose hu.s been presented. It was early 
‘leinoiistratcd that N-methyl-L-gluco&amme was attached to streptose 
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^iirougb carbon atom one of tbcbexoNiminc, since the X-acclyl <U’ri\ alive 
of bi.s(lc,so\'yatreptobio>aminc d«l not mliico Fchling’s aolulion (23). A 
fotudy of tctraacetynjiMlcaox.valreptobio'amine (XIX) by IJrink, KuebI, 
Flynn, and Folkcrs (17, 18) .-boncHl that this compound contained a free 
tertiary hydroxyl group, and hence that X'mcthyJ-L'gliico>;imine mii'^t Ixs 
attached to carbon atom twoofstreploac. 

The results of periodate oxidation of the X-acetyl derivati\ e of bis<iesovy- 
&treptobio.s;»minc (17, 18)suggeslc<l lhatmfetreptobio>aminc, theX-methyl- 
L'glucosaminc moiety had the pyranoso ring structure. 

Lemieux, DeWalt, and Wolfrom (21), by the application of Hudson’s 
niles of isorotation to selccle<l derivatives and degradation products of 
streptomycin, and by the use of certain assumptions, concluded that both 
of tijo streptobioN'imine glycosidic linkages in streptomycin were of the 
O'Conrigunition. 


Linlagc oj slrepUdine lo i>iTcp\ohiosamxnc 
It u as evident that streptldincmust be glycusidically attached tothedi- 
saccharide tiirough citljcr carbon atom one or six of streptosc. The proof 
that strcptidinc is linked to streplobiosaminc through carbon atom one of 
streptosc came tlnally from a series of degradations, starting uith dih)*dro* 
f-trcptomycin, uhich shou-od that C« of strepto.-e belongs to tho streptomy- 
cin formyl group (18, 23). The key compounds in this degradative scries 
are represented in formulas XXIX to XXXIV (St =» streptidine moiety, 
G =* N-methyl-irglucosaminc moiety). 
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(one mole) 


XXXIV. 

The results of the reaction of dihydrodcsoxystrepto&e (XXXIII) with 
periodate were consistent with the previously derived conclusion that the 
Ci*aldehyde group of streptosc w'aa the one involved in the linkage to 
streptidine. 

l/inkage of sireplobiosamine lo streptidine 

Completely beuzoylated streptomycin was cleaved hydrolytically to crys- 
talUno heptabenzoylstreptidine (XXXV). From this product were pre- 
pared in turn the mesyl derivative, XXXVI, the lodo derivative, XXXVII, 
and heptabenzoyldcsoxystrcptidine, XXXVIII. The last compound was 
converted to N,N'-dibenzoyldesoxystreptamine, XXXIX. The N,N'« 
dibenzoyldesoxystreptaminc reacted with one mole of periodate to form 
a,7-d\benzainido-;3-hydtoxyadipaldchyde, XL. These data, advanced by 
Kuehl, Peck, Hoffhino, Peel, and Folkers (25, 26, 27) proved that strepto- 
biosamine is attached at position four of streptidine in stieptomycin. 

This conclusion has been confirmed by Wolfrom and Polglase (28), who 
studied the periodate consumption of decaacetyldideguanyldihydrostiep- 
tomycin, prepared from dihydrostrcptomycin by barium hydroxide hy- 
drolysis and acetylation. 



The mallol Tcarrangcmcnl 

Schenck and Spielman (29) observed that when streptomycin was treated 
with aqueous alkali under relatively mild conditions, the v-pyrone maltol, 
XLl , was formed. It was evident tliat maltol originated from the streptose 



O 

XLI. 




CHEMISTRY 


69 


portion of streptomycin. The formation of maltol from methyl stiepto- 
biosaminide dimethyl acetal and from methyl N-acetylstieptobiosaminide 
shou'cd, as 2 -eported by Kuehl, Flynn, Brink, and Folkers (15, 19), that m 
the formation of maltol from streptomycin and its degradation products, a 
carbon-carbon rearrangement from a branched to a straight chain must 
have occurred. It has also been shown that the rearrangement of the 
streptose moiety to maltol takes place only when the aldehyde group at 
carbon atom one is glycosidically combined, and when the C-aldehydo 
group is free or potentially free. 


Dihydrostreitomycin 

After it was observed that streptomycin possesses a free carbonyl func- 
tional group, experiments upon the reduction of this group were under- 
taken. It was found soon, that catalytic hydrogenation using either 
platinum or nickel catalysts convert streptomycin into dihydrostreptomy- 
cjn No structural change other than reduction of the carbonyl group into 
a carbmol group takes place, and dihydrostreptomycm may be represented 
by stnicturo XLII. 


NH 



XLII. 


CHj on 


Dihydrostrcptomycin docs not yield maltol when treated w ith alkali and 
shows greater alkali stability. It has been demonstrated that dihydro- 
btreptomyem has antibacterial activity comparable to that of streptomycin 
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established by Fried and Stavely (37) that in mannosidostreptomycin 
D-mannose is linked glycosidically to N-methyl-L-glucosamine. 

The attachment of D-mannose to carbon atom four of N-methyl-L-glucos- 
amine was determined m the classical manner by methylation (37). 
N-Pentaacetyldihydromannosidostreptomycin was methylated and the 
product hydrolyzed ^vith acid and then acctylated. A compound iden- 
tified as triacctyl-3 , 6-diraethyl-N'methyl-L-glucosamine, XLI V, was 
isolated. This indicated either Ci or C# as the point of attachment of 
D-mannosc. However, the presence of a pyranose ring in the N-methyl-L- 
glucosamino portion of mannosidostreptomycin is required for the formation 
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against Mycohackrium t\d)crculoais. Dihytlrostreptomyciii is less toxic 
and the incidence of vestibular disturbances is extremely low; consequently, 
it is especially desirable for cases requiring relatively high dosages. lie- 
cause of tliis marked advantage, dihydrostreptomycin is now being pro- 
duced commercially. 

These results and otliers, including the usc/ulncs.s of dihydrostreptomycin 
'wi dogrndntwc reactions, were rcportwl by Peck, HoiThinc, and Folkers (30), 
Fried and Winterstcincr (31), Hooper, Klemm, Polglasc, and Wolfrom (32), 
Bartz, Controules, Crooks, and Rcbstock (33), and other investigators. 

MaN-SOSIDOSTUKITOM VCI.V 
Isolation 

Titus and Fried (34) subjected streptomycin concentrates to counter- 
current distnbution and reported evidence of the presence in the material 
of 0 substance other than streptomycin. The &c*cond substance was sepa- 
rated from streptomycin chromatographically and was isolated as the 
cr^'stallinc rcincckatc (3a). This substance, u liicli is somen hat less active 
against various bacteria than streptomycin, was initially nam«l strcylomy- 
cm B. In connection with more recent .«lructunil investigations, strepto- 
m 3 'cin h has been renamed mannosiJostreptomyein. Catalytic hj'drogena* 
tion of this antibiotic gave <lihydromaiinosidostrcptomycin. 

Structure 

The structure of manno.'sidodtreptomycin is represented bi’ formula 
XLIII. 

Degradation 

Wlicn raanno.«idostrcptom}'cin was trcatetl with methanol and hj'drogcn 
chloride, followed by acetylation. Fried and Sfavcb' (30) isolated mefh^'I 
tetraacetylstreptobiosaminide dimctlij'l acetal and tctraacctyl-a-methjd 
D-mannopyranoside. Similar treatment of manno'^idostreptomj’cia with 
ethyl mercaptan and hydrochlonc acid gave, after acefcj'Iation, streptidine 
octaacetate and thio- denvalivcs of streptobiobamine and n-mannoNe. 
Methanolysis of dihydromannosidostreptomycin afforded known deriva- 
tives of dihydrostreptobiosamine and of D-maunose. 

A mild acid hj'drol.v&is of diliydromannosidostreptomj’cin gave strepti- 
dme and a tnsacchaniie, isolated as an amorphous monoacetate. The tri- 
sacchande was cleaved either to yield derivatives of dihydrostreptobiosa- 
mine and of n-mannose, or to give a disaccharide octaacetate which was 
further degraded to tetraacetyl-a-methyl-N-methyl-n-glucosanumde and 
tetraacetyl-a- and tetraacetyl'/S-methyl-mannopyranosides. It was thus 
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esstablishcd by Fried and Stavely (37) tliat in mannosidostreptomycin 
n-mannose is linked glycosidically to N-methyl-L-glucosamine. 

The attachment of o-mannosc to carbon atom four of N-methyl-L-glucos- 
amine was determined in the classical manner by methylation (37). 
N-Pcntaacetyldihydromannosidostrcptomycjn was methylated and the 
product hydrolyzed with acid and then acctylatcd. A compound iden- 
tified as triacetyI-3,6-dimethyI-N-methyl-L-glucosamine, XhIV, was 
isolated. This indicated eitlrcr C 4 or C* as the point of attachment of 
D-mannose. However, the presence of a pyranose ring in the N-raethyl-L- 
glucosamine portion of mannosidostreptomycin is required for the formation 



70 


.MJCn011IOLOGIC.\L AND CHUIICAL 


againht Mycobaclcriuni iuhcradosis. Dihj’tirostrcptomi'cin is less toxic 
and the incidence of vestibular disturbances is extremely low; consequently, 
it is especially desirable for cases requiring relatively high dosages. Be- 
cause of this marloid advantage, dihydrostreptomycin is now being pro- 
duced commercially. 

These results and others, including the uscfnlncsh of dihydrostreptomycin 
in degradative reactions, ncrc reported by Peek, Hofflunc, and Folkers (30), 
Fried and Wintersteiner (31), Hooper, ICIcmm, Polglasc, and Wolfrom (32), 
Bartz, Controules, Crooks, and Rcbstock (33), and other investigators. 

^fA^^^'OaIDOSTUEI*TOMYCl^' 

Isolation 

Titus ami Fried (34) subjected streptomycin concentrates to counter- 
current distribution and rcportc<l evidence of the pre!«cnce in the material 
of a substance other than streptomycin. The second substance was sepa- 
rated from streptomycin chromatographically and uas isolated as the 
crj’stalline rcincckatc (3o). This substance, which is somewhat less active 
against various bacteria than streptomycin, was initially named strcplomy- 
cvi B. In connection with more recent slnictural investigations, strepto- 
mycin li has been renamed maimosidostrcptonij/cui. Catalytic hydrogena- 
tion of this antibiotic gave dihydromunnobidostrcptomycin. 

Structure 

The stnicture of inanno.'>idostreptomyC!n is representeti by formula 
XLIII. 

Degradation 

4 Vbcn mannosidostrcptomycm was trcatc<l with methanol and hydrogen 
chloride, followed by acetylation. Fried and Stavely ( 3 G) isolated methyl 
tctraacetylstreptobiQsaminidc dimethyl acetal and tctraacetyl-a-niethyl 
D-mannopyranosule. Similar treatment of mannosidostreptora3'cin with 
ethyl mercaptan and hj'drochlonc acid gave, after acetylation, streptidine 
octaacctate and thio- derivatives of streptobiobamino and D-mannosc. 
ilethanolysis of dihydromannosidostreptomj’cin afforded knoivn deriva- 
tives of dihydrostreptobiosamine and of o-mannosc. 

A mild acid hydrob’sis of dih3’dromaniiosidostreptomycin gave strepti- 
dine and a tnsacchande, isolated as an amorphous monoacetate. The tn- 
sacchande was cleaved either to 3'ield derivatives of dih3'drostreptobiosa- 
mine and of n-mannose, or to give a disaccharide octaacetate which was 
further degraded to tetraacetyl-a-methyl-N-methyl-L-glucosaminide and 
tetraacetyl-a- and tetraacet3'I'^-methyl-mannopyranosides. It was thus 
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of strcptobiosamilie dcnvalivc?; and <hus the D-niannosj was plaml at 
position four, ratlicr Dian ii\c. 



CH, OCH, 
XIJV. 


MunnosiUostrcptomycin gave no formaUlehyde on periodate ovidatlon, 
demonstrating tiie prc'cnce of a pyrsmo'idc ring in llic mannose portion 
(37). 

Pock, IIolTliine, Oak*, aiul I'oIkcr> (38) prepaJed Ictradcfabenzoylman- 
nosidostrcptomycin and cIca\od tins compound uitli hydrogen bromide in 
chloioform solution to obtain the same heptabenzuylstreptidino (XXXV) 
nhich was i^oIuted from a '‘innlar degradation of l>enzoylatod streptomy* 
cm. It was thu.s evident tlut m mannosidoslrcptomycin the trisacchande 
is attached to carbon atom four of strcptidine 'J*he knowledge of the 
structure of mannosKlostreptomyem i'* therefore complete, e\ecpt for cer- 
tain points of stereochemistry. 
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and very important type of streptomycin which is manufactured by the 
hydrogenation of streptomycin. This new derivative, dihydrostreptomy- 
cin, has already been demonstrated to have a less toxic effect on the eighth 
nerve, and it is anticipated that it will largely replace streptomycin in the 
treatment of disease in man in the next few months. As a matter of fact, 
a marked drop in production of streptomycin from four million grams in 
September to two million grams in October was the result of industries’ 
rapidly changing their processing over to the manufacture of dihydrostrep- 
tomycin. The relatively simple hydrogenation process w’hich results in the 
modification of the aldehyde group in the streptobiosamine portion of the 
streptomycin molecule to an alcohol group not only reduces the toxic effect 
on the eighth nerve, but, in addition, modifies the molecule to such an ex- 
tent that persons sensitive to streptomycin are not sensitive to dihydro- 
strcptomycin. This is of particular interest, in view of the theoretical con- 
siderations that have been given to the possibility that the eighth nerve 
damage observed with streptomycin may be associated with a sensitivity 
phenomenon. 

The biological methods used for the assay of dihydrostreptomycin are 
the same as those given for streptomycin in the following pages. Because 
some organisms are somcw’hat less susceptible to the action of dihydro- 
strcptomycin than to streptomycin, however, it has been found desirable 
to specify a single test for the assay of dihydrostreptomycin, namely, the 
turbidimetric assay using Kl pneumoniae as the test organism. At present 
there are no satisfactory chemical tests for dihydrostreptomycin. 

Tlio evidence available indicates that the tubercle bacillus is just as sensi- 
tive to the action of dihydrobtreptomycin as it is to streptomycin. Certain 
gram-negative organisms, however, have been found to be somewhat less 
sensitive to dihydrostrcptomycin than to streptomycin. There is no evi- 
dence that the bacterial spectrum of dihydrostrcptomycin and streptomycin 
differs significantly, and there is ample evidence that organisms that develop 
a resistance to streptomycin have similarly developed a resistance to dihy- 
drostreptomycin. 

For the present, at least, streptomycin sulfate will continue to be the 
working standard, and the calcium chloride trihydrochloride double salt 
of streptomycin the master standard, and dihydrostreptomycin will be 
labeled ou a weight basis in terms of equivalency to streptomycin base. 
New' master and working standards of dihydrostreptomycin, however, are 
in process of development. The master standard will probably consist of 
crj’j'Uilline dihydrostreptomycmhj-drochloride; and the working standard, 
of dihydrostreptomycin sulfate. 

A number of methods, each possessing certain advantages and certain 
limitations, have been developed for the assay of slrcplomycin. These 
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In January 1917, through iimluul agreement between industiy and the 
Food and Drug Administration, Congress was requested to amend the Fed- 
eral Food, Drug, and Cosmetic Act of June 25, 1938 to provide for certi- 
fication of batches of drugs composetl wholly or jiartly of any kind of strep- 
tomycin or any derivative tJiercof. This amendment became effective on 
JEarch 10, 1947, and since that time each batch of streptomycin or strep- 
tomycin preparation has been tested for compliance with the regulations 
promulgated under the amendment. Commercial development of strep- 
tomycin proceeded veiy rapitUy because of the valuable e.\pcriencc gained 
during the last few* years in the development of penicillin. In contrast to 
the latter drug, manufacture of which was initiated as a bottle fermentation 
process, manufacture of streptomycin was begun through deep tank culture 
fermentation. In January 1947, pnor to the certification of this drug, com- 
mercial production had already reached approximately one million grams 
per month, and by the end of the year had increased to twdee that amount. 
Gradual but steady increases in production continued, until in September 
1948 four million grams of streptomycin per month were being produced. 
It is of interest that a large portion of this was allocated for export. 

Although in the early stages of development of streptomycin many prob- 
lems were encountered similar to those that had been overcome during the 
development of penicillin, these difficulties with streptomycin were more 
rapidly solved. For a considerable time it seemed that streptomycin itself 
w'as a single chemical entity, but as investigations progressed it became 
apparent that, like penicillin, it existed in several forms. At present these 
have been designated as slreptomyctn A, slrcplomycin B (inannosidoslrep- 
iomycin), and a third fraction as yet uncharacterized. The commercial 
production is composed largely of streptomycin A, of which the potency on 
a weight basis is approximately five times that of mannosidostreptomycin. 
Within the last few months conaderable interest has developed in a new 
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PROCEDURE 

(a) Cylinders (cups). Use stainless steel cylinders with outside diameter 
8 mm (iO.l mm), inside diameter 6 mm (±0.1 mm) and length 10 mm 
(±0.1 mm), 

(b) Culture medium. Using ingredients that conform to the standards 
prescribed by the U.S.P. or N.F., make nutrient agar for the seed and base 
layers: 

Peptone 5.0 gm 

Beef extract 3.0 gm 

Agar 15.0 gm 

Distilled water, q.3. 1000.0 ml 

pH 7.8 to 8.0 after steriUzatiOQ 

(c) Worhing siundard. Keep the working standard (obtained from the 
Food and Drug Administration) constantly in the refrigerator at IS^C 
(59®F), or below, in tightly stoppered vials, which in turn are kept in larger 
stoppered tubes containing anhydrous calcium sulfate. Weigh out care- 
fully, in an atmosphere of 50 per cent relative humidity or less, appropriate 
amounts of the worldng standard and dilute in 0.05 M potassium phosphate 
buffer (pH 6.0). Keep this stock solution at a temperature of 15®C; do 
not use it later than 30 days after it is mode. 

(d) Standard curve. Prepare daily in 0.10 M potassium phosphate buf- 
fer (pH 7.8 to 8.0) a 20 /ig/ml solution from the stock solution described 
above. Transfer to ten 100-ml volumetric flasks, containing the same buf- 
fer, the required quantities of this 20 Mg/nd solution to give 0.6, 0.7, 0.8, 
0.9, 1.0, 1.1, 1.2, 1.3, 1.4 and 1.5 Mg/ml solutions. A total of twenty-seven 
plates is used in the preparation of the standard curve, three for each so- 
lution except the l.O Mg/ml solution. This last concentration is used as 
the reference point and is included on each plate. On each of three plates 
fill thiee cylinders Avith the 1.0 #ig/ml standard and the other three 
cylinders \vith the concentration under test. Thus there will be eighty- 
one 1-ag determinations and nine determinations for each of the other 
points on the curve. After the plates have incubated, read the diameters 
of the circles of inhibition. Average the readings of the 1.0 ;xg/ml 
concentration and the readings of the point tested for each set of three 
plates and average also all eighty-one readings of the 1.0 Mg/nil concen- 
tration. This average is the correction point for the curve. Correct 
the average value obtained for each point to the figure it would be if the 
1.0 Mg/ml reading for that set of three plates were the same as the 
correction point. Thus, if in correcting the 0.8 unit concentration, the 
average of the cighty-onc readings of the 1.0 /xg/ml concentration is 
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methods may vary* somewhat in detail because of modifications of tech- 
niques introduced by diRerenl laboratories. The daily use and evaluation 
by responsible investigators of certain testa have resulted in the selection 
of a few that appear to have definite value in assaying the potency of 
streptomycin preparations. Space <locs not permit the presentation and 
discussion of tJio value and limitations of all these tests, but those that 
have survived trial arc described or mentioned under appropriate groupings. 

Methods depending upon observation or measurement of bacterial in- 
hibition are all functions of the biological activity of streptomycin and are 
dependent upon many variables. 

The chemical methods for the assay of streptomycin depend not on bio- 
logical activity, but rather on chemical stmcturc. Here a high specificity 
is desirable, since any reaction with similar compounds or with compounds 
containing similar functional groups selves to reduce materially the range 
of usefulness of tlie test. 

I3ACrCRI01.0GICAl. Ml'TIIODS 

The biological methods for determining the potency of streptom^'cin can 
be subdivided into three broad groups. One method utilizes modifications 
of the agar-plate diffusion technique; the second involves turbidimetric 
measurement of the degree of inhibition of growth of sensitive organisms 
in the presence of varying concentrations of streptomycin over a few hours’ 
time; and the third makes use of the inhibition of a sensitive organism, by 
dilutions of the streptomycin over a longer period. The last, or serial- 
dilution method, is the simplest and is widely used in determining strep- 
tomycin in body fluids. 

The agar-plate diffusion method 

The agar-plate diffusion mctliod has been the one most commonly used 
in the assay of streptomycin to date, although its sensitivity and repro- 
ducibility are not quite so satisfactory as those of the turbidimetric method 
desenbed later in this chapter. The method is very similar to the one used 
widely for the assay of pcniciJIm. Certain differences inherent in the mode 
of action, the physical eharacteristws, and the effects of culture media in- 
gredients on streptom 5 'cm result in a method somewhat less accurate than 
the plate-assay method for penicillin. 

The choice of an organism for the plate assay is important, although, 
theoretically, any sensitive organism could be used. The method that 
follous employs B. subtihs ATCC-6633 and is one of the official tests 
employed by the Food and Drug Administration in the certification of 
streptomycin (1). 
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(i) Estimation of 'potency. Average the zone readings of the standard 
and average the zone readings of the sample of the three plates used. If 
the sample gives a larger average zone size than the average of the stand- 
ard, add the difference between them to the 1.0 MS zone size of the standard 
curve. If the average sample is lower than the standard value, subtract 
the difference between them from the 1.0 /ig value on the curve. From the 
curve read the potencies corresponding to these corrected values of zone 
sizes. 

The inrbidunelrtc method 

Theoretically, any sensitive organism can be employed, providing it grows 
rapidly and in such a manner that the degree of turbidity can be correlated 
with the concentration of streptomycin present in the medium. In the 
method to be described as illustrative, KI. pneumoniae is used as the test 
organism. This method is the official method used by the Food and Drug 
Administration in its streptomycin certification program, and is conducted 
according to the following procedure for maintaining the test organism, 
which is Kl. pneumoniae (P.C.I. C02) nonencapsulated. Transfer stock 
cultures every 2 weeks for test purposes. Transfer tlic organism to fresh 
agar slants and incubate at 37'’C for C hours. Suspend the growth from 
two to three of these slants in sterile distilled water and add approxi- 
mately 5 ml of culture suspension to each of two Roux bottles containing 
the same agar. Incubate the bottles for G hours at 37'^C, harvest the 
growth and suspend in sufficient sterile distilled water to give a light trans- 
mission reading of 80 per cent, using a filter at G,500 Angstrom units in 
a photoelectric colorimeter. Keep the resulting suspension of organisms 
in the refrigerator and use for a period not to exceed 2 weeks. 

I'UOCEDUIUJ 

(a) Employ the foUowirig agar: 

Poptoiio 5 0 gm 

I5ccf oxtr.irl 3 0 gm 

Agar 15 0gm 

DIstillod wuicr, <1 <) 1000 0 ml 

pH 7 S to K 0 after titcriliration 

Prepare a daily inoculum by adding 6.0 ml of this suspension to each 100 
ml of a nutrient ])roth prepared as follows: 


Peptone 5 0 gm 

Yc.ist extract 1.5 gm 

Beef extract 1.5 gm 

Sodium chloride 3 5 gm 

Glucose 1,0 gm 

Dii>ot.U'smm iihoaphalc 3 6S gnt 
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16.5 mm aad tlm average of the 1.0 pg/ral concentration of this set of 
three plates is IG.3 mm, the correction is 0.2 mm. If the average reading 
of the 0.8 ;ig/ml concentration of these same three plates is 15.9 mm, the 
corrected value is then IG.l mm. Plot these corrected values, including 
the average of tlio 1.0 pg/ml concentration, on 2-cycIc scmilog paper, using 
the concentration in micrograms per milHlitcr as the ordinate (the logarith- 
mic scale) and the diameter of the zone of inhibition as the abschsa. Draw 
the standard curve through these points. The ten points tclectcd to de- 
termine the curve are arbitrarj' and should be so chosen that the limits of 
the curve ^Yil\ fiU the needs of the laborator}’. Ilonevcr, the potency of 
the sample under test should fall in the intcr\'al from GO per cent to 150 
per cent of the correction point of the standard curve, 

(o) Preparation of sample. Dis^olve volumctrically in sterile distilled 
water tile sample to be tested tonuikcaconvcnicntstocksohitjon. I'urthcr 
dilute this solution volumctrically to contain 100 mS of streptomycin base 
(estimated) per milJjliter. Transfer I.O ml of this 100 pg (estimated)/ml 
solution to a lOO-nil flask and make up to volume with 0.10 .1/ potassium 
phosphate buffer (pll 7.8 to 8.0). Use tin's last dilution in the as.-ay for 
potency. 

(f) Preparation of spore suspension. Tlic test organism is sublilis 

(vlmerican Type Culture Collection CG33). .Maintain the test organism 
on nutrient agar prepared as described above (b). Prepare a spore sus- 
pension by growing the oiganism in nou.\ bottles on agar of this same com- 
position for I week at Suspend the spores m sterile distilled water, 

and heat for 30 minutes at Go‘’C. Wash iJic spore suspension three times 
with sterile distilled water, heat again for 30 minutes at Go^C, and resus- 
pend in stcnle distilled water. Maintain the spore suspension at approxi- 
mately IS^C, Determine by appropriate tests the quantity of spore sus- 
pension to be added to each 100 ml ofagar forthe secondary layer that mil 
give sharp dear zones of inhibition. 

(g) Preparation of plates. .Vdd 21 ml of agar described in paragraph (b) 
to each Petn dish (20 by 100 mm) Melt tlic agar to be used for the sec- 
ondaiy la 3 ’er, cool to 55® to 60®C, and add the spore suspension prepared 
in (f). Mix thoroughly and add 4 ml to each of the plates containing the 
21 ml of the uninoculated agar. Tilt the plates back and forth to spread 
the inoculated agar cvcnl.v over the surface. Refrigerate until ready to 
add streptomycin (at least I hour). 

(h) Plate assay. Place six cylmders on the inoculated agar surface so 
that they are at approximately 60® mtervals on 2.8-cra radius. Use three 
plates for each sample. Fill three cylinders on each plate ivith the 1.0 ^ig/ 
ml standard and three cylmders with the 1.0 ^^g/ml (estimated) sample; 
alternating standard and sample. Incubate the plates for 16 to 18 hours 
at 37®C and measure the diameter of each circle of inhibition. 
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[see table in paragraph (b)], the latter concentrations for each concentra- 
tion level of the standard may be expre^d as percentages and substituted 
on the abscissa of the standard curve. If this is done, the percentage po- 
tency of the sample under test may be read directly from the standard 
curve. 

The turbidimctrio assay has the advantage of being a rapid test and in 
capable hands appears more accurate and reproducible than the plate tech- 
nique. The inherent disadvantages arc the requirement of relatively larger 
amounts of the sample under test and the necessity of using aseptic tech- 
nique and sterile material. 

The serial dtliUion method 

The serial dilution method of assay for streptomycin is the simplest of 
the commonly employed techniques, requiring only a sensitive organism, 
a sterile preparation, and a minimum of equipment. The Kl. 'pneumoniae 
method described by Donoviclc, Hamre, ICavanagh, and Rake (2) illus- 
trates well this type assay. 

Grow Kl. pneumoniae ATCC-0947 in yeast-beef broth and prepare a 
1 :100,000 dilution with 0.75 per cent tryplone water (pH 8.5). Distribute 
2.0-nil amounts of this suspension in a series of ten test tubes. 

Dilute the sample to contain an estimated potency of 2.0 Mg/ml wth 
distilled water. Using a chemically clean Kahn pipette, add the followng 
amounts to one of the series: 0.1, 0.080, 0.077, 0.068, 0.052, 0.046, 0.040, 
0.035, and 0.030 ml. Include one or more series prepared exactly as above 
wth standard streptomycin preparation in each day’s run. Incubate at 
37®C overnight and record the degree of growth in each tube, considering 
the one showing plus-minus growth as the endpoint. The activity of the 
unIcno\vn specimen is then calculated according to the following formula; 

Ae Vx 

in which; 

Ax is the unkno^vn in raicrograms per ml, 

Ac is the standard in micrograms per ml, 

I'c is the volume of the standard causing inhibition, 

Vx is the volume of the unknown causing inhibition. 

The disadvantages in a serial dilution .assay method for detennining the 
potency of streptomycin preparations arc numerous. Although all arc ex- 
tremely simple techniques and require a minimum of apparatus, they arc 
exacting and time-consuming. Sterile techniques are essential, and the 
sensitivity of the organism may be such that large relative changes in con- 
centration are required to produce a visible change in growth. The exact 
point at which inliibition is completo is often difficult to determine. 
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Potassium dibydrogcQ phctfpbato 1.32 gm 

Distilled water, qj. JOOO.O ml 

pll 7.0 after stcriUzation 

(b) Worbiig standard solutions. Add the following amounts of a 1,000 
pg/ml solution prepared from the stock solution described in (c) (Slrep' 
tomtjctn Plate Assay) to 100-tnl volumetnc /7a.‘-ks containing sslerile disfiWed 
water and bring to volume to give the working stock solutions tabulated 
below. These nine flasks a\c well stoppered and maintained at approxi* 
mately Jo®C for 1 month. Prepare final dilutions doily bj' adding 2.1 ml 
of each of those nine working stock solutions to 4.8 ml of sterile distilled 
%YateT. Add 1.0 ml of eacb final dilution to each of six 14 by 124 mm tubes 
(total fifty*four tubes). Add 9.0 ml of inoculated broth described above 
to each tube and place immediately in a water bath for 4 hours. The 
final concentration of streptomycin per mlUiUtor of broth is also included 
in the following tabulation: 


AMOCAT or 

«ottiso coscuosATiuf/ia 

n.\AL co.AC£AtMnov Cuc/ia} 


(aMO rftCSKTACt 

Ariu ADDcnon or swTiuu 

O.uMac/a) 

COSCENTXATIOV} 

iTAm Axo iron 



n 

0.0 

00 

1.8 

7.0 

70 

5.1 

8.0 

80 

5.4 

9.0 

90 

5.7 

lO.O 

100 

3.0 

u.o 

110 

3.3 

12.0 

120 

3.6 

13.0 

130 

3.9 

14.0 

J40 

4.S 


(c) Preparation of sample. Dilute the sample under test \wth sterile 
disUficd water to contain lOOpg/mJ (estimated). To 2.1 ml of the sample 
add 4 8 ml of sterile distilled water, add 1.0 ml of this ddution to each of 
six 14 by 124 ram tubes. Add 9.0 ml of the inoculated broth described in 
paragraph (a) to each tube and place immediately in 37°C water bath lor 
4 hours. A control tube containing 1.0 ml of distilled water and 9.0 ml ol 
the inoculated broth is similarly incubated. After incubation, add 4 drops 
of formalin to each tube, and read the light tr.msmissjoii in a photoelectric 
colorimeter, using a broad-baud filter having a wavelcngtli of 5,300 Ang- 
strom units. 

(d) Estimation oj potency Average the light tiansmissioa leadings for 
each concentration of the standard. Plot these I'alues on cross-section 
paper, employing average fight transmission readings as the ordinate, and 
streptomycin concentration per nulfiUter of broth as the abscissa. Prepare 

rnrvo hv connecting successive points with a straight edge. 
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Example the 10 fig standard produced inhibition in the fiftii tube, 
antly 5.0 would have produced inhibition in the fourth tube 
.n the fifth, 2 5 /zg/ml would have produced inhibition in the third 
not in the fourth, and 20 Mg/nd should have produced inhibition 
sixth tube, and 40 pg/ml in the seventh. 
j, readily apparent that this method measures relatively broad changes 
«ncentration. For clinical use, w’here the information ordinarily de- 
J is whether the agent is present in quantities desired for treatment of 
i condition, the test is adequate. 


Miscellaneous methods 

The miscellaneous methods usually are employed only in the determina^ 
tion of streptomycin in blood serum or other body fluids and follow one of 
the groups already illustrated in detail. Each lias its individual advantages 
and disadvantages. In general, these methods arc limited to the plate and 
serial dilution techniques because of the growth-promoting effect of serum 
on oiganism used in the turbidimetric techniques. 

The plate method described earlier in this chapter can be adapted to the 
assay of streptomycin in body fluids by preparing the standard in normal 
serum, but its sensitivity is not so great as some of the methods designed 
specifically for use ivith body fluids. 

Both plate and serial dilution methods have been described and used 
widely in the assay of streptomycin in body fluids (4, 5, 6, 7, 8, 9, 10). 

Chemical Methods 

The chemical methods currently employed in the assay of streptomycin 
depend on: (a) formation of an easily identified substance, maltol, from 
the biologically active portion of the streptomycin molecule; (b) formation 
of identifiable complexes by interaction of the potential streptosc aldehydic 
group of streptomycin with appropriate reagents and; (c) interaction of a 
substance with the biologically inactive portion of the molecule, to form a 
readily measurable substance. 

The first and second methods liave the advantage of measuring only the 
active streptomycin, but they cannot be applied to dihydrustreptomycin, 
since the potential aldeliydic group in this instance has been converted to 
an alcoholic group by catalytic hydrogenation. The last method, which 
utilizes a portion of the molecule in which the activity does not reside, can 
be applied to dihydrostrcptomycjn, but its usefulness is limited somewhat 
by the fact that certain of the breakdown products may also give the re- 
action, resulting in a falsely high value. The last method is one that usu- 
ally involves the streptidinc residue uhich contains the guanido groupings. 
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The twofold serial dilution method 

This mcthotl of assai’ is uscil almost entirely for determiningthe concen- 
tration of streptomycin in chnical specimens where only a rough estimation 
is required. A minimum of iochniijue and of laboratory equipment is nec- 
essary for the conduct of tWs type test. Altijough any sensitive organism 
can theorcticall 3 ' be used, those winch grow witii a pellicle or produce a 
gramdar growth are preferable because of the ease with which the endpoint 
can be determined. The organi.Mn must not be inhibited or unduly atTected 
by the concentrations of serum or body fluids cmpIo 3 'C<l. The method de- 
scribed by Price, Nielsen, and Welch (3) is rcprc.scntativc; 

B. circulans, the test organism cmploi’cd, grow.s rciulily at temperatures 
of 3(>-37®C, forming floccules which make the endpoint easy to detertnme. 
TIic organism, whicii is sensitive toO.15 pg/ml of streptomycin, grows well 
in ordinary' media and can he prcs<*rwc<l under refrigeration for 1 month 
with no loss in sensitivity. Ih^caiisc of (lie interfering clTccts of various 
compounds on the action of streptomycin, a simple medium consisting of 
peptone I per cent, beef extract 0.5 j>er cent, and sodium chloride 0.25 per 
cent is used for the assay. The medium is adjusted to a pll of 7.8 to 8.0 
with NaOH, since streptomycin exerts its greatest activitj’ at (his hj'drogen- 
ion concentration. 

In conducting the tost, 0.5-mI amounts of the medium are added to Was- 
sermann tubes, and serial dilutions by halves are made through the desired 
number of tubes, using 0.5 ml of (he fluid under test and carrying 0.5-ml 
amounts through the series, discaiding 0.5 ml from tlie last tube. A 0.6'ml 
amount of the fluid under test is added to an empty tube and placed first 
m the series. A standard senes is picpunxl e.vactly as above, a solution 
containing 10 ^g/ml being used. 7’hwstandard can bo prepared in water or 
in serum, since no differences arc detectable in either fluid. A 1 :100 dilu- 
tion of the test organism is prepared from the assay broth, and 1.5 ml is 
added to each tube. .^V^ter overnight incubation at 37°C, the tubes are 
read and the endpoint taken as the last tube in each series showing no 
growth. The concentration of the streptomycin in (he unlaiown is then 
determined by companng the endpoints obsen’cd with the standard series. 
Following is an example; 
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In this example the 10 ng standard produced inhibition in the fifth tube. 
Consequently 5.0 msMI ivould have produced inhibition in the fourth tube 
but not in the fifth, 2.5 Mg/nil would have produced inhibition in the third 
tube but not in the fourth, and 20 Mg/ml should have produced inhibition 
in the sixth tube, and 40 Mg/nil in the seventh. 

It is readily apparent that this mettiod measures relatively broad changes 
in concentration. For clinical use, where the information ordinarily de- 
sired is whether the agent is present in quantities desired for treatment of 
the condition, the test is adequate. 

..Miscellaneous meihods 

The miscellaneous methods usually are employed only in the determina- 
tion of streptomycin in blood serum or other body fluids and follow one of 
the groups already illustrated in detail. Each has its individual advantages 
and disadvantages. In general, these methods arc limited to the plate and 
serial dilution techniques because of the growth-promoting effect of scrum 
on organism used in the turbidiraetric techniques. 

The plate method described earlier in this chapter can be adapted to the 
assay of streptomycin in body fluids by preparing the standard in normal 
serum, but its sensitivity is not so great as some of the methods designed 
specifically for use wth body fluids. 

Both plate and serial dilution methods have been described and used 
widely in the assay of streptomycin in body fluids (4, 5, 6, 7, 8, 9, 10). 

CiJEMicAZ. Methods 

The chemical methods currently employed in the assay of streptomycin 
depend on: (a) formation of an easily identified substance, maltol, from 
the biologically active portion of the streptomycin molecule; (b) formation 
of identifiable complexes by interaction of the potential streptose aldehydic 
group of streptomycin Nvith appropriate reagents and; (c) interaction of a 
substance noth the biologically inactive portion of the molecule, to form a 
readily measurable substance. 

The first and second methods have the advantage of measuring only the 
actis'c streptomycin, but they cannot lie applied to dihydrostreptomycin, 
since the potential aldehydic group in tliis instance has been converted to 
an alcoholic group by catalytic hydrogenation. The last method, \\hich 
utilizes a portion of the molecule m which the activity does not reside, can 
be applied to dihydrostreplomycin, but ita usefulness is limited somewhat 
by the fact that certain of the breakdown products may also give the re- 
action, resulting in a falsely high value. The last method is one that usu- 
ally involves the strcptidinc residue which contains the guanido groupings. 
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The mallol method 


This methcxl depends on the fact that streptomycin, whe n heated in the 
pr esence of dilute a lkali, forms m altol (2 -methovy-3-liydro.\y-fiamma-py- 
rono) (11). Maltol is fonned from the hlologicalli' active portion of the 
streptomycin molecule and shows chanicteristie ahsor|)tion in the ultra- 
violet region of the spcctniiiu It le iiiainsstahle in acid ‘.oliitintwandgu cs 
c olors with ferric ions . W hen ferric ammonium sulfate is ti->c<l in develo p- 
i ng the color , a se nsitivity of oQO to 2,500 fis of strenlomvcin i.»» fou nd. 
When the phenol reagent of Folm and Ciocallcuu (12) i» suhslitutetl in the 
method described by Uoxcr, JcHnck aiul Lcgliom (13), the test becomes 
sensitive to 20 to 250 pg of streptomycin. 

Maltol IS produced, under the conditions of this test, by streptomycin 
but not by dihydrostrcptomycm, y-methvl-i.-glueosiml nc. streptidine, or 
strcptobiosaminc. Maltol is fonned from the streptosc (14) portion of the 
intact streptomycin molecule. 

This method, which can be used for determining streptomycin in body 
fluids as ncll as in aqueous or mcthaiiohc solutions, is conducted according 
to the following procedure: 

llcagents: 


1 .V NaOII 

2 iV XaOlI 

20 per ccQt sodium carbonate soluUon 
1 per cent ferric ammonium sulfate in 0.7o .V sulfuric acid 
Phenol reagent of Folin and CiocaUc-au. 


Procedure. Add 1.0 ml of 2 N NaOH to 0.0 ml of the streptomycin so- 
lution being tested, and immerse the test tube in a boiling water bath for 
3 minutes. Cool m water for 3 minutes. If the amount of streptomycin 
present is estimated at 20 to200/ig, the color i.s developed with the phenol 
reagent; if the amount of streptomycin is estimateil at 000 to 2,000 /ig, the 
ferric ammon ium sulfa te solution is used. 

"when the phenol reagent is to be employed, 1.0 ml is added drop-wise 
to the cooled alkaline solution and mixed thoroughly. .Vftcr 1 fo2 minutes, 
3.0 ml of the sodium carbonate solution is added and the tube shaken thor- 
ouglily. Let stand 10 minutes and determine the light transmission in a 
photoelectric colonmetcr with a C,600 Angstrom unit filter. A blank is 
prepared and examined simultaneously'. 

WTien the ferric ammonium sulfate solution is employed, 4.0 ml of the 
reagent is added to the cooled alkaline mixture and the tube allowed to sit 
for 10 minutes while the purple-red color develops. The light transmission 
is then determined with a 5,400 Angstrom unit filter. The light transmis- 
aon of a blank prepared as above is essentially the same as water w lien the 
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ferric ammonium sulfate reagent is used, and water can be substituted for 
the blank. 

Small quantities of material are always present in clinical specimens 
which react with the phenol reagent. These usually account for 2 to 5 per 
cent of the final color obtained in the maltol procedure. To determine the 
value of these interfering substances, an additional determination is carried 
out on 5 to 10 times the amount of tlie sample m exactly the manner de- 
scribed, with the exception that the heating period with the alkali is omit- 
ted. Since the formation of maltol from streptomycin occurs at an appre- 
ciable rate even at room temperature, the phenol reagent must be added 
immediately after addition of the alkali. 

Methanolic solutions of streptomycin can be assayed by this method 
with minor modifications. Four milliliters of the solution to be assayed is 
placed in a 10-ml graduated cylinder, 2.0 ml of 1 NaOH is added, and 
the cylinder immersed in a water bath at G5®C for 1 minute. After cooling, 
the ferric ammonium sulfate reagent is added to the lO-ml mark and the 
color measured after 10 minutes with a G,COO Angstrom unit filter. 

A standard preparation of streptomycin is used in establishing a curve 
by the above procedures. Since streptomycin is a hygroscopic salt, two 
samples are weighed. One is dried for 3 hours at 100®C in vacuo, a process 
that results in a loss in potency, and the other is used in determining the 
standard curve after the appropriate corrections for moisture have been 
mode. 


Marshall’s semicaThazide method 

Marshall’s scmicarbazide method for the assay of streptomycin is based 
upon the interreaction of the carbonyl or potential aldehyde group in the 
streptomycin molecule wth a colored scmicarbazide to form a colored com- 
plex which can be determined colorimctrically. The substance used in the 
Marshall (15) procedures is 4-(-4(p-chlorophenyIazo)-l-naphthyl) semi- 
carbazide. Scmicarbazide is rather insoluble in water, but when it is dis- 
solved in methyl cellosolve it reacts readily wth streptomycin to form the 
colored derivative. The peak absorption of this derivative is about 580 
iniUiinicrons when examined in the Beckman spectrophotometer. This 
method has been adapted for assay in blood scrum, and the modified maltol 
method can be used in determining streptomycin in the urine. The pro- 
cedures are conducted as follows: 

A. DETEIIMIXATIOX OP STKEPTOMYCIN IH SCRU:il 

licagcnlst 

Scraicarbaiido solution: Dissolve 0.135 gm of scmicarbazido in 50 ml of redistilled 
methyl celloeolvo by warming to 50‘G. Dissolve 2.CG gm of sodium occtato 
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trihydratc in the solution so obtained and add 8J3 ml of glacial acetic acid. 
Bring the mixture to room temperaturo and dilute to the lOO-ml mark mth 
raethjl cellosolve. 

Chloroform 

Concentrated hydrochloric acid 

Trichloroacetic aod: la gm made up to a volume of 100 ml In water. 

Procedure. Add 3 ml of water and I ml of tricliJoracetic acid solution to 
1 ml of plasma, let stand 20 mimiles and centrifuge. Add 3 mJ of tie 
plasma centnfogato to 3.0 ml of the semicarbazitle solution contained in a 
glass-stoppered centrifuge tube graduated at 3.3 ml. Heat the tube for 
ISminutosinaboilingwaterbathandcoolbyimmcrsionin ice water. Add 
10 ml of chloroform and shake the stoppered tube at least 100 times. 
After separation, remove the chlorofomt with a capillar)' pipetto or with 
a syringe and a long needle. Ke|>cat the c.xtraction m'th two or more 10- 
ral portions of clilorofonn. After removal of the final chloroform layer, 
add water to the 3.3 ml mark. Treat 3.0 ml of this u ith 3.0 ml of concen- 
trated IICI and allow to come to room tcm})eraturc. Determine the in- 
tensity of tlie h^t e colo r in a photoelectric colorimeter etjuipjxsl with a 
5,800 /Vngstrom filter. The colorimeter j.s .-el at zero with a blank made 
by adding 3 ml of concentratc<l HCl to an cc|UuJ volume of a solution ob- 
tained by dj.>sohdng 30 ml of methyl cellosolvc in 100 ml of water. 

15. DETtnin.VATIO.V OF STUKirrO'IVCI.VI.V UlU.VK 

Peagenls: 

2.5 iV NaOH 
4 A' HCl 
Chloroform 

Ferric nitrate bolutiou: 0 5gia ferric uilratc luonohydralc in lUO ml of 0 035 A 
nilrlcacid. Dilute to 400 ml final volume. 

Procedure. Dilute the urine in such a manner that it contains not more 
than an estimated 2,000 pg of streptomycin in 3.0 ml. Place 3.0 ml of the 
diluted unne and 0 7 ml of 2 5 .V NaOIf m a glas-s-stoppered 125 ml pj’rcv 
bottle and immerse in boiling wafer for 5 minutes. Cool in ice water and 
add 0.5 ml 4 A' HCl and 00 ml of ch!orofom\. Sbake for 5 minutes. 
Withdraw 50 ml of the cliloroform phase and shake for 10 minutes with 
10 ml of the iron reagent. Withdraw a portion of the aqueous phase and 
dclenmne the relative optical density in a photoelectric colorimeter 
equipped with a filter at 545 nulhmicrons. Correct the colorimeter read- 
ing for that given by a blank on each sample of urine used. The blank is 
prepared by treating a portion of each unne sample in the fashion des- 
cribed, but no sodium hydroxide or heat ts used. 
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The oxidized niiroprusside method 

The oxidized nitroprusside method depends upon the reaction between 
oxidized nitroprusside and guanidine groups. Two guanido groups are 
present in the streptomycin molecule as portions of the streptidine moiety. 
Unfortunately, this portion of the molecule^ is not the one in which activ- 
ity resides and the reaction may be given by streptidine. Tlie latter com- 
pound is extremely insoluble, how'cver, and when concentrated solutions 
of streptomycin in the presence of degradation products are made up, the 
streptidine portion precipitates or fails to go into solution. This assay is 
conducted according to the procedure described by Sullivan and Hilmer 
(IG): 

Reagent: 

Oxidized nitroprusside (Weber's modification): 


10 per cent Sodium ultroprusside 1 ml 

10 per cent Potassium ferrlcyanido 1 ml 

10 per cent Sodium hydroxide 1 ml 

Distilled water 0 ml 


Ivbx and let stand 30 minutes before xise. 

Procedure, Place 1.0 ml of a solution containing 1,000 to 3,000 ng of 
streptomycin in a teat tube and add 1.0 ml of the frcslily prepared nitro- 
prussidc reagent and 3,0 ml of distilled water. Allow to stand at lOom 
temperature for 10 minutes. Determine the light transmission in a photo - 
electric colorimeter using a broad-band filter at 5,400 Angstrom unitsT 
Prepare a standard cifrve using streptomycin standard at 1,000, 1,500, 
2,000, 2,500, and 3,000 pg/ml. Determine the concentration of strepto- 
mycin in the unkno^vn by locating the point on the standard curve which 
corresponds to the observed light transmission. 

This test is given by guanidines also. 
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ANTIBACTERIAL AND PHARiUCOLOGIC 
PROPERTIES OF STREPTOMYCIN 
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Norlhwestem University Medical School 


Chapter 7 

ACTION OF STREPTOMYCIN ON MCROORGANISiMS 
IN VITRO 


The outstanding feature of the action of streptomycin as observed in 
vUto is its ability to inhibit the growth of certain microorganisms. The 
degree of inhibition of growth not only is directly proportional to the con- 
centration of streptomycin, but depends upon the type and number of mi- 
croorganisms employed and upon the environmental conditions under which 
the exposure to streptomycin takes place. 

This antimicrobial action of streptomycin in vitro has been described as 
baclerioslatic in low concentrations and as bactericidal in high concentra- 
tions (1, 2), the former term being used to indicate only the prevention of 
multiplication, and the latter to indicate death of the exposed microor- 
ganisms. Though it is not %vithin the scope of tliis chapter to discuss the 
mode of action of streptomycin, the above explanation would appear to be 
oversimplified. In fact, very low concentrations of streptomycin ac- 
tually may stimulate growth of bacteria (3), even though growth is inhib- 
ited by higher concentrations. Furthermore, other factois may influence 
the degree of bacteriostatic or bactericidal action. These are (a) the type 
of microorganism, (b) the nature of the medium, (c) the time of exposure, 
(d) the hydrogen-ion concentration, (e) the number of orgam'sms employed, 
and (f) the temperature. It might be possible for a given concentration 
of streptomycin to be cither bacteriostatic or germicidal, depending upon 
the organism used and the conditions of the test. 

The effectiveness of streptomycin in vitro for the inhibition of growth 
of microorganisms is usually expressed in terms of the smallest amount 
per milliliter of medium nhich completely prevents growtli. Such concen- 
trations of streptomycin aie by custom referred to as bacteriostatic and 
furnish a basis for a comparison of the activity of streptomycin for differ- 
ent microorganisms. Furtliermore, these minimal inhibiting concentra- 
tions may indicate the effectiveness of streptomycin for the treatment of 
jjffecriou. 
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BaCTEHIOSTATIC AcTIVITV O? STnEPTOilYClN* 

Table 7 shows the baclcrioatatic activity of streptomycin in inicrograms 
or units per milliliter for a wide variety of microorganisnis. An attempt 
has been made to include in this table all microorguuUms that have been 
tested in vitro for their sensitivity to streptomycin. Though this goal 
probably has not been reached, certainly the majority of such organisms 
have been included. 

Members of two classes of microorganisms liave been tested, the Schis- 
oraycctcs and the Eumycctes, as well as some members of the phylum Pro- 
tozoa. Insofar as we have been able to determine, orgainsms sensitive to 
streptomycin have been reported only among the Schizomycetes. 

.ibnong the eight orders into which the Schizomycetes have been divided, 
there are only two, the Cblamydobacterialcs and the Mj-xobacterialcs, no 
members of which were found to have been tested for their sensitivity to 
streptomycin. A few of the Viralcs have been tested, but no streptomy- 
cm-seusitive members have been encountered. The order, Rickcttsialcs, 
contains only one family, the RtckcUsiaccac, some of wluch wJien grown in 
yolk sac cultures are inlubitcd slightly by streptomycin. No in vitro 
tests have been reported on any of the Borrelomycetales, but some are 
susceptible to the action of streptomyxin in vivo. The Eubactcriales, Ac- 
tinoraycetales, and Spirochactalcs contain the majority of susceptible or- 
ganisms, most of these being found within the order Euhacteriales. 

The order Eubacteriales is divided into thirteen families, of which, inso- 
far as we have been able to find, only the Niirobacicrioccae and Azi>to6ac- 
tcnaccae have not been tested for their sensitivity to streptomycin. At 
least a few members of all the remaining families have been tested. Al- 
though, as discussed below, many of the data on the sensitivity of bactena 
to streptomycin tn vitro are difficult to compare and interpret, the follow- 
ing broad generahzations appear to be valid. 

In some families, all the genera tested are sensitive to streptomycin; in 
other families, only some genera are sensitive. B'lthin genera, there is 
considerable variation in susceptibihty to streptomycin between species; 
within species, there is frequently a marked difference in the susceptibil- 
ity of inividual strains of bacteria. 

It would appear, however, that within certain families some genera are 
more uniformly susceptible than others. These are the genera Brucella, 
Hemophilus, and Pasleurclla withm the family Panobacieriaccae, the genus 
Bacillus in the Boctlloccac, the genera Erystpelolhnx and Ltslcna in the 
family Cornybacteriaccac, and the genera Shigella and Klebsiella in the fam- 
ily Enlerobaderiaceac. 

In the family Actmomycetales, the Mycobaderiaceae, with the cxcep- 
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TABLE 7 


Sensitivity in vitro of microorganismi U> slrepiomycin 


UICBOOKGAMISU 

KEFEkEKCXS* 

*ANGE or SESSITIVITV 
TO STHEPTOIIVCIN 

Class; Schizomycetesf 

Order; EubacUriales 

Family: Pseudomonadaceae 

Pseudomonas aeruginosa 

6, 60, 73, 144, 

MS/ml 

0.1 -500.0 

(D. pyocaneus) 

190, 274, 309, 


Pseudomonas fiuorescens 

360, 446, 469, 
496, 526, 602, 
653, 656, 913, 
948, 1073, 1147 
52,255 

4.0 - 12.5 

Pseudomonas tnco^ntla ] 

Pseudomonas jaegeri ; 

469 

7.0 -500.0 

Pseudomonos pieranlonuj 

Vtfcrio choleras 

52, 125, 274 

5.0 -500.0 

(7s6rfo commo) 

A'anOiomonas prunf 

A 

52 

0.25 

Family: Rhizobiaceae 

Chromobacknum ianthinum 

469 

' 50.0 

Chromobackrium ctolaceum 

360 

4.0 

Family: Microeoceaceae 

Mierococeus aerogenes 

469 

0.5 - 75.0 

Micrococcus aurantiacus 

469 

10.0 -250.0 

Micrococcus ettreua 

469 

0.5 -75.0 

(Staphylococcus cilreus) 

Micrococcus pyogenes, var. oZbus 

60, 186, 360 

0.03 -256.0 

(Staphylococcus albua) 

Micrococcus pyogenes, var. aureus 
(Staphylococcus oureus) 

6, 60, 138, 150, 

0.03 ->256.0 

151, 360, 469, 


Micrococcus urcae 

495, 490, 647, 
656, 1147 

469 

10.0 -250.0 

Micrococcus sp. 

60,360 

0.5 - 2.0 

Sarcj'no lulea 

1 

0.25 


• Numbered references listed will be found in “The Literature on Streptomycin. 
1944-1913/' Rutgers University Press, New Brunswick, N. J. References designated 
by.lclters will be found appended to the table. 

t The nomenclature used for the Schizomycetes follows that of Bergey’s Manual 
of Determinative Bacteriology, 6th Edition, 1948. Where other names are more 
commonly employed than those recommended by Bcrgcy, these also have been in- 
cluded. Species of bacteria not listed in Bergey’s Manual have been included as 
named in the original publications. 
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XABLE ^~Conlinuc^l 


KiCIOOiCAMSll 


(zrEkCkCEt* 


Famtly: }Jeittcriaceat 
Neiatcria calarrhaUa 
Neiaacria gonarrhoeac 
Neiaaeria mtninQiiidia 
{Nciaaeria tnlracallularia) 
Veillonclla gasogcnea 
Family: LactobacUnaccae 
Diploeoecua pneumoniae 

Enterococcua 

Strepiocoeeua ep., nlplu hemolytic 

Slreplococcua sp , beta hemolytic 

Slreplococcua ep., gamma t>(>c 
Slreploeoccus agalaclae 
Slreplococcua cania 
Slreplococcua dyagalaclae 
iSlrcplocoecua equtaimtUa) 
Slreplococcua Jaccaha 
Slreptocoeeua gallinaruin 
Slreplococcua lactia 
Slreplococcua pyogenca 
Slreplococcua uberia 
Slreplococcua zodepidemicua 
Family Corynchactenaccae 
Coryncbaclerium diphlheriae 

Corynebaclerium paeudolubereuloaia 
Corynebacterium pyogenca 
Corynebaclerium renale 
Corynebaclerium ulcerogenea 
Coryncbaclerium xeroae 
Diphlheroida 

Eryaipclolhrix muriaepltca 
Erysipelolhrtx rhuaiapalhiae 
Liateria monoeylogenea 
{Lialerella monoeylogenea) 

Family Achromobacleriaceae 
Alcdligenea Jaecalta 
Family: Enierobacteriaceae 
Aerobacter aerogenea 


Aerobacter cloacae 


3GO 

1.0 - 4.0 

52, 75, 151, 274 

1.0 -40.0 

52, 75 

1.0 -40 0 

11 

10.0 

6, 300, 400, 495, 

0.5 -50.0 

G45 


4D6 

0.2 -<100 

C, 00, 148, 300, 

O.OG ->25C.O 

490 


00, 150, 151, 409, 

O.OG ->250.0 

017 


309, 300, 017 

0.5 -123.0 

IU7 

10.0 

1147 

lO.O 

1147 

5.0 

144, 309, 409 

1 0 -100.0 

1147 

10.0 

0 

>10.0 

0 

2.0 ->1G 0 

1147 

1 10.0 

1147 

10.0 

52, 274, SCO, 045, 

0.375-200.0 

957 

1 

1147 

1.0 

1147 

0.25 - 10.0 

1147 

0.5 - 2.5 

409 

1.0 -250.0 

469 

1.0 -250.0 

60, SCO 

0 03 ->250 0 

4 

2.5 

1147 

10.0 

1, 52. 1034, 1147 

1 0 - 2.5 

309, 360, 440, 651 

2 0 - 64.0 

60, 144, 190, 274, 

0.3 ->256 0 

309, 469, 495, 


1147 


197 

0.5 
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TABLE 7 — Continued 


UICBOOSCAMISU 

REFEUKaS* 

lAVCE or SESSlTIVtTV 
TO StREPTOaVCIV 



lig/ml 

Family: Enlerobaclenaceae {cant'd) 



Escherichia coli 

6, 58, CO, 73, 138, 

0.015->256.0 

Escherichia communior 

144, 150, 190, 
197, 274, 309, 
360, 446 , 460, 
645, 647, 653, 
656, 948, 1147 
52, 255 

1.0 - 8.0 

Escherichia freundii 

469 

0 3 - 50.0 

Escherichia ncapoUtana 

255 

8.0 

Klebsiella ozaenac 

9, 52 

0.15- 1.5 

Klebsiella pneumoniae 

9, 138, 150, 190, 

0 055-128.0 

Klebsiella pneumoniae, A 

309, 300, 446, 
645, 656, 948, 
114? 

151, 360, 495 

O.S -128.0 

Klebsiella pneumoniae, B 

360 

2.0 -128 0 

Klebsiella pneumoniae, C 

495 

0.8 

Faracolobaeirum sp. , 

144, 190, 360, 446 

2.0 -128.0 

{Paracolon bacilli) 



Proteus mirabilis 

360, 469 

:i 0 -64.0 

Proteus morganti 

73, 309, 360, 409, 

1.0 -12S()' 

Proteus vulgaris 

525, 645 

6, 60, 190, 300, 

1.0 -128.0 

Salmonella anatis 

446, 469, 525, 
645, 647, 053, ^ 
948, 1147 

5S 

8.0 - 32 0 

Salmonella choleraesuis 

58, 1147 

4.0 - 32 0 

Salmonella choleraesuis, var, kunzen- 



dorf 

58 

4.0 - 16.0 

Salmonelln cnteriditis 

6, 58. 300, 417, 

0.004- 32.0 

Salmonella gallinarum 

1147 

5S 

2 0 - 16,0 

.'S«f»/ionclla hirschjildii 

58, 1147 

S.O ->10 0 

(Para C) 



6’aIinor(cI(a morbificans 

417 

0.001- 0 064 

Salmonella paral’jpht 

58, 3G0, 615 

2 0-80 

(Para A) 



Salmonella pullorum 

58, 300. 1147 

1.0 - 16.0 

Salmonella schollmullcri 

6, 58, 300. 417. ^ 

0.001- 32.0 

(Para U) 

645 


iS<i{»ionr{(a bjphosa 

0, 58, 73. 274, 

0 001- 20 0 

{Eherthclla lyphosa) 

300, 417, CI5 


Salmonctta (yphitrturtuia 

6, 5S, 274, 300, 

0.001- 32.0 

(SalmonrHa arr/ri/cAe) 

I 417, 1U7 

1 

■Sa/montUa typhtsuis 

1117 

I 10.0 



AXTIJUCTKIUAI. -VXD I’lIAKMACOLOGIC 


•JO 


TAOLK 7— Con/mutrf 


utckoatcKsisu 


Family: Enltrolacttnocioe (coal'd) 
Salmonella species 
Type Bareilly 
Type Berbi' 

Type Give 
Tjpe ^[anhattaa 
Type ^linncsota 
Tjpo Montevideo 
Tj-pe Xewington 
T>pe Xewport 
Tj pc Oranicnberg 
Tjpo Oregon 
Type Saint 1‘aul 
Tjpo SenftenberK 
Tj t>o Tcniie«*ee 
Tipe Thompson 
Salmonella «prc<'r4. 

00 types, unspecified 
Scrralia tndiea 
jSVrra^ia tiiareesccns 
Shigella ambigua 

dysentertae 

Shigella paradyscnleriac 
(Boyd 1,2,3, 

Floxner 1, 2, 3, 4, 5, 6) 
Shigella sonnet 
Family: i’onoftor/eriaeeflc 
Bacteroides fragths 
Bactcroides Jundilifonrns 
Bacteroides sp 
Brucella abortus 
Brucella meliUnsts 
Brucclhi 4U{s 
Donoiania ^ranii/ofrio/t« 
Hemophilus ducreyi 
Hemophilus hemolyltcus 
Hemophilus tiijiuencae 


Hemophilus mjluenzae, a 
Hemophilus tnjluemoe, b 
Hemophilus parain^Ken;ae 
Hemophilus pertussis 
MoHeompees mallet 
Malleomyces pseudomallei 


1 «cn.KE\cr&* 

SANCE or SENSimiTT 
TO SISETTOima’* 

i 

Kllml 


oS 

S.O - 32.0 


5S. «7 

0.004- 16.0 


53 

S.O - 32.0 


417 

0.004- 0.064 


417 

0 004- 0.064 

1 5S, 4!7 

0.004- 32.0 

1 53, 417 

0.004- 32.0 

I 53, 417 

0.004- la.o 

1 53, -I!? 

0 004- 16 0 

! 117 

. 0.004- 0 064 


417 

0.004- 0.064 


5» 

4.0 -32.0 


417 

0.004- 0.064 


417 

0.004- 0.064 


341 

4.0 - 8.0 


360 

$.0 


52, 300 

1.0 - 64.0 


no 

3.0 - 7.0 


no. 360. 645 

2.0 - 8.0 


6. 52, no. 360, 

0.25 - 10.0 


645 



6. no 

1.0 - 7.0 


5S9 

Insusceptible 

1 539 

Insusceptible 

i G47 

Insusceptible 

52. 97, 640, ZUr 

0.5 - 3.75 


52, 360, 1147 

0.5 -12S.0 


52, 73, 1147 

0 5 - 2.5 


927 

Sensitive* 


150, 151 

1.0 - 15.0 

; 

913 

0 S - 3 0 

1 52, I«>, 150, 300, 

0 5 - 50 0 

1 495, 496, 525, 


’ 645 


1 130 

2.5 - 5 0 

' 130, 1C6, 173 

1.2 - 13.5 

1 130,913 

2.5 

, 52, 61, 150, 274 

1.2 - 50.0 

S2, C 

10.00 ->10.0 

D. E 

125.0 ->125 0 


t Tested in chick embryo yolk sac culture. 
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TABLE l—Conlinued 


UlCSOOBGANISlt 

twssnas* 

KASce or sEssmviiY 

TO STREPTOMTCIV 



iiSfmt 

Fa?f»{y: ParvobacUriaceae (cont’d.) 



PaaUurella avicida 

360, 1033 

1.0 - 2.0 

Pasleurella a\>i$ipliea 

52, 300 

2.0 - 15.0 

Paslenrella bomeplJCQ 

300 

2.0 

TosteureUa equtsepltca 

300 

1.0 

Pasteurella hemolytica 

1147 

0.5 - 2 5 

Posleurella Uptisepltca 

6,52 

0.5 - 2 5 

Pasteurella multocida 

1147 

1.0 - 10.0 

Pasteurella pcsiia 

77, 360, 447 

0.5 - 6.0 

Pasteurella suilla 

360 

2.0 

Pasteurella tularensis 

52, 103, 415 

0.15 - 0.4 

Slreptobacillus tnonilt/ormis 

947 

Sensitive! 

illaverktllia muUtformii) 

Family: Bacteriaceae 



Bacterium phospkorescens indigenue 

656 

200.0 

(Photobaclerium fischeri) 

Family: BactUaceae i 



Bacillus anlhracis 

62, 360, 1147 

0.25 - 10.0 

Bacillui cereus , 

52,360 1 

0.S3 •> 2.0 

Bacillus megatherium i 

52,360 

0.25- 4.0 

Bacillus mesentericus \ 

52,360 

1.0 - 1.67 

Bacillus mycoides i 

C, 360, 650 

0,13 - 8 0 

Bacillus novus 

360 

0.5 

Bacillus sublilts 

0, 52, 138, 3C0, 1 
CSC 1 

0.056-128.0 

Clostridium It/ermcnlans 

C 1 

Jasasccptiblc 

{Clostridium sordelli) 

1 


Clostridium botuUnum 

3G0 1 

Insusceptible 

Closirtdium butyricum 

360 ' 

Insusceptible 

Clostridium hislolyticum 

3G0 

In-sasccptiblc 

Clostridium Icnloputrescena 

360 1 

Insusceptible 

(Clostridium putrificum) 



Clostridium novyi 

3C0 

lasusccplible 

Clostridium perfnngens 

C, 360 

Insusceptible 

(Ciostrifiium ttelcMi) 



Clostridium seplicum 

6.360 j 

Insusceptible 

Clostridium sporogenes 

36U 

Iiiausccptildc 

Clostridium telani 

t 6.360 j 

Insusceptible 

Order. AcUnoinycctalcs 



Family. Mycobacteriaccae 



^lyeolaelerium avium 

4.302,615 1 

0.30 - 50 0 

Mycobacterium laclteola 

485,656 

1.0 - 1.33 

(Mycobacterium smcgmalts) 



Mycobacterium phtci 

1 4, 53, 656 1 

0.12- 0.25 

Mycobacterium ranae 

{ 333 [ 

0.5 - I.O 


% Uails per mllUIiter cot sUteti. 
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TABLE 7 — Conlinucd 


UICIOOKGAMSU 

j 

iiANce or SEjisimiTY 
TO STIEFTOKinM 




Order: ^IcHnatnyeelales (cont’d) 



J-'amily, MycobaeUrtaceae (cont’d) 



.Ifj/cotiacUn'um (it(«rcu{osts, var. bom 

302, bai.oio 

O.U05- 3.12 

A/j/cobadert)im liihcretilous, var. bocis 
(U.C.G.) 

Mycolaclcniirn lubcreulosia, var. Aom* 

4Sfi 

2.0 - 10 0 

inia 

•1, 338, 502, 503, 
645, 738, 039 

0.095- 12 5 

Family: Actinomycetaceae 



Actinomyces bouii 

52 

4.0 

Nocardia aaleroidea 

4 

4.0 - 12.3 

.YoearJta gypaoidca 

Family: Slreptoinycelaceae 

210 

>1,000 0 

0.4 ' 12.5 

Slreplomycca albua 

4 

Slreptomyeea anlibiottcus 

4 

<0.4 

Slreplomyces gn'geuj 

4 

>12.5 

Slreplomycca lavendulae 

Order: Spirochaelalea 

4 

1.25 

Family: 2'rcponemataccae 


<5.0 

Leptospira andaman, a 

555 

Leptospira australx, a 

555 

>50.0 

Leptospira dustrahs, b 

555 

<5.0 

Leptospira autumnahs 

555 

<5.0 

Leptospira batoviae 

555 

<5.0 

Leptospira benjamin 

555 1 

<5.0 

Leptospira eanicala 

555 

<5.0 

Leptospira djasiman 

555 

<5.0 

Leptospira grippolypkosa 

555 


Leptospira hcbdomadis 

555 


Leptospira iclerohaemorrkagiae 

555 


Leptospira javantca 

555 


Leptospira naam 

555 


Leptospira pot 

555 


Leptospira pomona 

555 

<5.0 

Leptospira pyroxenes 

555 


Leptospira rachmat 

555 


Leptospira samarang 



Leptospira son 

Leptospira sejroe 

555 

555 

<5.0 

Leptospira sentol 

Leptospira species 

555 

<5.0 ->50.0 

(Strains 90c, 3(05, he) 



Order: Kici^ettsioles 



Family: RicUttsiaceaet 

Coxiella burnetii 

788 

10 mg/egg 

{Rickettsia burneti) ^ 
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TABLE 7-~Continued 


UICKOOKCANISU 

REFESCNCCS* 

RANGE OF SENSITIVITY 
TO siREnrouvciN 



1‘S/ml 

Order: Rickettsialcs 

Family: RickettsiaccaeX (cant’d. 



Rickellsia akari 

483 

10-20 mg/egg 

Rickettsia orientalis 

378 

>2 mg/egg 

{Rickettsia tsutsugamushi) 



Rickettsia orientalis 

483 

“Insusceptible’' 

{Rickettsia tsutsugamushi) 



Rickettsia prowaiekii 

378, 483 

0.5-20 mB/egB 

Rickettsia nckeUsii 

•183 

10-20 ing/egg 

Rickettsia iyphi 

378, 483 1 

2-20 mg/egg 

{Rickettsia moosen) 

Family: Chlamydozoaccaet 

1 


Miyagawanella fclis 

610 

Insusceptible 

{Feline pnetimoma's) 

1 


Mtyagawanella lymphogranulomati'> 

252, 274 , 610 

Insusceptible 

{Lymphogranuloma venercurn) 



Miyagaii'anella ornithosis 

1 913 

Insusceptible 

{Meningo’pneumonilis) 



Mtyagau'anella psitlacii 

252, 210, 274 ^ 

Insusceptible 

{Psillacosis) 

Order: Viratcs 

Family: Rabulaceact 



Rabula injlana 

1115 

Insusceptible 

{Mumps Virus) 

Family Charonaccaet 



Tarpcia alpha (I’U-S, Olson) 

70, 175 

Jnsu&ccpLble 

(Human influenza A) 



Tarpeia heia (Lee) 

175 

Insusceptible 

(Human influenza B) 

Class: Eumyceles 



/lllcrnaria sp 

F 1 

Insusceptible 

/Ispergtllus /urriiyafiis 

28 

Insusceptible 

.Ispcr^iHus herl/aronum ' 

F ' 

Insusceptible 

.Ispcrgtllus liiger 

6 

Insi]^ccptiblo 

Hlastornr/ccs brnstltcnsis 

F 

Insusceptible 

B/asfo)>iT/ccs dcrmatidilia 

210, 249, F ' 

Insusceptible 

Candida albicans ! 

210. F ! 

Insusceptible 

Candida Candida 

F 

Insusceptible 

Cladosportum sp. 

f* 1 

Insusceptible 

Coccidioidcs imriiWts 

149, 219, F 

1 Insusceptible 

Cryptococcus ncojorinans 

0, 28, 219, F 

Insusceptible 

Dfinatium sp 

28 

Insusceptible 

hpidcnnophylon Jloceosnin 

210, F 

Insusceptible 

Epidermvphylon inguinale 

6 

lasusccptiblc 
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7 — Concluded 


UUtOOlCAMSIl 

«cri.tLi.cu* 

ia\cc or sc.NUTTMrt 
To sTixnomas 



ff/W 

Class. Buinycylcs (coijt’d) 



Fusanuin sjk 

2S. F 

Insusceptible 

Ccotric/iwmsj). 

219, F 

Insusceptible 

/Hslopiosmo CQpsulotum 

5G6, V 

Insusceptible 

//orniodcndruni eompaclum 

219. F 

Insusceptible 

Hor/Modc»idr«»i pedrosoi 

219, F 

Insusceptible 

J/tcrospori(»i oucfouini 
.l/icrdsporum cants 

F 

6, F 

Insusceptible 

Insusceptible 

J/tcrosporutn gypscum 

F 

Insusceptible 

.l/onospori«wi apiospermum 

219, F 

Insusceptible 

-Hucor mucedo 

P 

Insusceptible 

^eiiTospora sitopAiiu 

F 

Insusceptible 

7’cniVilIiion ehnjsogenum 

6 

Insusceptible 

FenietlUnm expansum 

F 

Insusceptible 

Penieillium luteuin-purpurogenum 

2S 1 

Insusceptible 

Fhialophara ecrriicosa ' 

6, 210, F ' 

Insusceptible 

Rhitopus nij;ricans 

F 

Insusceptible 

Ji/iodotorula sp 

319 

1 Insusceptible 

Saccharomyccs eercvisiae 

219 

Insusceptible 

Sporolnchum schcniii 

1 6, 219, F 

Insusceptible 

rriVAopAi/ton gypseum 

6 

Insusceptible 

Trichophyton tnterdigitaU 

6 

Insusceptible 

Trichophyton mcntagrophyles 

2S,P 

Insusceptible 

IVicAapAj/lort ruftrum 

219, F 

Insusceptible 

Trichophyton scAaenfetnu 

F 

InsusceptiblB 

T’ncAnpAi/ton violaceum 

Fhiiliim' Protozoa 

F 

Insusceptible 

Endainocba histolyla 

C, 638, 640, 0 

Insusceptible 

Trichomonas fetus 

63 

Insusceptible 

Trichomonas lagtnalis 

430 

Insusceptible 

Trypanosoma brueci 

412, 424 

Insusceptible 

Trypanosoma cquipcrdum 

412, 424 

Insusceptible 

Trypanosoma htppicum 

412, 424 

Insusceptible 


Key to alphabetical references 

A Retraanti, II A , Cbaug, G C. T , Cho, L. W., Liu, P. Y. and Ou, Y. 1046 
Asiatic cholera clinical study and experimental therapy with streptomycin. 
Amer Jour Trop Med , 26 631 

B Loewe, L , Rosenblatt, P and Alture-lVeber, E. IWG A refractory case of 
subacute bacterial endocarditis due to Vetllonella gazogenes clinically arrested 
b} a combination of penicillio, sodium para>aiiiinohtppurate, and heparin. 
Amer. Heart Jour , 32 327 

C Miller, W. R , Pannell, L and Ingalls, M. S. 194S Experimental therapy 
lu glanders and melioidosis Amer. Jour- Hyg., 47 205. 
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Key to alphabetical referenca — concluded: 

D. Gutner, L. B. and Fisher, M. W. 1918 Chronic melioidosis: discussion, case 
report, and special studies. Ann. Int. Med., 28; 1167. 

E. Beamer, P. II. 1948 Melioidosis, report of a second case from the western 
hemisphere, with bacteriologic studies on both cases. Amcr. Jour. Path., 24: 
717. . 

F. Littman, M. L. 1947 Streptomycin tolerance of saprophytic and pathogenic 
fungi. Jour. Bact , 64: 399. 

G. Shaffer, J. G., Ryden, F. W., Frye, W. W. and Deacon, W. M. 1948 The use 
of antibiotics to eliminate bacteria in the in vitro testing of animal parasites 
Proc. 48th Gen. Meet., Soc. Amer. Bact., 1: 74- 

tion of M. avium, appear to be fairly uniform in their high degree of 
fausceptibility to the bacteriostatic action of streptomycin. Only a few 
strains of organisms belonging to the Aclinomycetaceae and Slreptomy- 
celaceac have been tested. Some of these are sensitive and some arc 
resistant. 

•The only members of the order Spirochaetales tested in vitro arc the 
Leptospira of the family Treponanataceae. Although there is considera- 
ble variation, most of these are relatively sensitive to streptomycin. Some 
Borrelia and Treponema have been found sensitive in vivo. 

The reliability of some of tlie data given in table 7 is open to (luestion. 
These tests for the sensitivity of microoi^anisms to streptomycin m vitro 
were performed in ditTerent laboratories, at different limes, employing di- 
verse cultural conditions and using streptomycin Avhich probably varied in 
potency. The relative sensitivities to streptomycin of different strains of 
microorganisms, as tested in any one laboratory, are probably accurate. 
In some cases, however, a comparison of results obtained by different in- 
vestigators using the same species brings to attention marked discrepan- 
cies. 

The antibiotic action of streptomycin depends, in part, on the compo- 
sition of the culture medium. For example, the pi-ebcnce of inoigunic 
salts or glucose will icducc the bacteriostatic action, as A%ill the addition of 
some bubsUuices, such as senim, which stimulate growth. Ceitain sur- 
face-active substances when addisl to the medium may mcrca.s(‘ the bac- 
teriostatic action of stn-ptomyein The pll of the medium is important, 
since the potency of streptomycin di^cicasca iw the hydrogen-ion concen- 
tration mcrea&e>. Also, the activity of streptomyrin is invei>ely propor- 
tumai to the number of organisms employed in the test and is more ef- 
fective on actively growing cells. These factors may be responsible f<ir 
many of the disciepancies observed. 

The greatest usefulness of streptomycin lies in its effectiveness for the 
therapy of certain infectious diseases. For this reason, in tabic 8 patho- 
genic microorganisms and their relative in vitro sensitivities to streptomy- 
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A.vn»Acri.iaAL a.vd 1‘iiah.macolocic 


T.VBLE 7-^ConcluJtd 


HKIoai&A.Sl&M 

tSTValNCLS* 

u.\cc or sc.\^iTrT 
TO sTxtmuvcis 

Class- Eumycytes (coiit’d) 



PwsoriHW sp. 

2S, F 

Insusceptible 

Geotrichumsp. 

210, F 

Insusceptible 

//tslopfcuina capiMlafnm 

5G6, F 

Insusceptible 

^orwodfrtdrwffi compadum 

213, F 

Insusceptible 

Hormodendrum pedrosoi 

219, F 

Insusceptible 

.l/icrospornw oudoutni 

F 

Insusceptible 

Mterosporum cants 

C, F 

Insusceptible 

.tficroaporiim gi/psciim 

P 

Insusceptible 

.l/onosporium opiospermum 

219, F 

Insusceptible 

1/ueor mucedo 

F 

' Insusceptible 

.\rMroJporu 4itoplii/u 

F 

1 Insusceptible 

ehrysogenutn 

C 

Insusceptible 

Vcmctlhum expansum 

F 

Insusceptible 

luUum-purpuTogenum 

2S 

Insusceptible 

I'hialophora cerrucosa 

6, 219, F 

Insusceptible 

Hhxzopus nigricans 

P 

Insusceptible 

Rhothtorula sp. 

219 

Insusceptible 

Saecharomyecs cercrtaiac 

' 219 

Insusceptible 

Spcrolrtehum sehcnXii 

' 0, 219, P 

Insusceptible 

Trichophyton gypseum 

C 

Insusceptible 

Trichophyton in/crdigi/af« J 

6 

Insusceptible 

Trichophyton mentagrophytes 

2S, F 

Insusceptible 

Trichophyton ruhrum 

219, F 

Insusceptible 

Tnc/iopAyton schocnitnn'i 

F 

Insusceptible 

Trichophyton ric>7<ifcum 

F 

Insusceptible 

Phylum • Protozoa ( 


Endamoeba hiriolgta 

6, 63S, 640, G t 

Insusceptible 

rrtchamonas fetus 

6S 1 

Insusceptible 

Trichanwnas taginalts 

450 ) 

Insusceptible 

Trypanosoma hrucci 

412, 424 

Insusceptible 

Trypanosoma rquipcrdum 

412, 424 1 

Insusceptible 

Trypanosoma hipptcum 

412, 424 j 

Insusceptible 


Key to olpfcabfljcol rf/<rcncM 


A Kcimann, II A , Chang, G C. T., Chu, L W.. Liu, P. Y. and Ou, Y. 1£M6 
Asiatic cholera clinical study and eTperiffieotal therapy irith streptonycin. 
Anier Jour Trop Med , 26 631 

B. Loewe, L., Roaenblatt, P and AlturoAVebor. E. 1<H6 A refrsetory case of 
subacute bacterial endocarditis due to I'cif^ncffa gtuoyenci clinically arrested 
by a combination of pcmcillio, sodium para-anunohippurate, and heparin. 
Anier. Heart Jour , 32 327 

C Miller, IV. R , PannelJ, L and Ingalls, M. S 194S E.’cperimental therapy* 
III glanders and melioidosis Vmer. Jour. Ilyg., 47. 205. 
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Key io alphabetical references — concluded: 

D. Gutner, L. B. and Fisher, M. W. 1948 Chronic melioidosis: discussion, case 
report, and special studies. Ann. Int. Med., 28: 1157. 

E. Beamcr, P. II. 1048 Melioidosis, report of a second case from the western 
hemisphere, with bacteriologic studies on both cases. Amer. Jour. Path., 24: 
717. . 

F. Littman, M. L. 1947 Streptomycin tolerance of saprophytic and pathogenic 
fungi. Jour. Bact., S4: 399. 

G. Shaffer, J. G., Byden, F. W., Frye, W. W. and Deacon, W. M. 1948 The use 
of antibiotics to eliminate bacteria in the in vitro testing of .'inimal parasitc-s. 
Proc. 48th Gen. Meet., Soc. Amer. Bact., 1: 74. 

tion of M. avium, appear to be fairly uniform in their high degree of 
susceptibility to the bacteriostatic action of streptomycin. Only a few 
strains of organisms belonging to the Actinomycetaceae and Slreplomy- 
cetaccac have been tested. Some of these are sensitive and some are 
resistant. 

•The only members of the order Spirochaetales tested tn vitro are the 
Leptospira of the family Trcponeinalaccae. Although there is consideni- 
ble variation, most of these arc lelativcly sensitive to streptomycin. Some 
Borrdia and Treponema have been found sensitive in vivo. 

The reliability of some of the data given m table 7 is ojien to question. 
These tests for the sensitivity of microorganisms to streptomycin in vitro 
were performed in difTeicut laboratories, at diffeient times, employing di- 
verse cultural conditions and using streptomycin which probably varied in 
potency. The relative sensitivities to streptomycin of different strains of 
microorganisms, as tested in any one laboratory, are probably accurate. 
In some cases, however, a comparison of results obtained by diffeient in- 
vestigators using the same species brings to attention marked discrepan- 
cies. 

The antibiotic action of streptomycin depends, in part, on the compo- 
sition of the eultmc medium. For example, the presence of inorganic 
sidts or glucose will letluec the bacteriostatic action, as will the addition of 
some substances, such as serum, which stimulate growth. Ccitaiii sur- 
fucc-active substances when addinl to the medium may incieusc the hae- 
terioslatic action of streptomycin. The pH of the medium is imjiortaut, 
smeo the potency of stieptomyeiii <lecivase3 sw the hydrogen-ion conccn- 
Iralioii mcieases. Also, the activity of streptomycin is inversely propor- 
tional to the number of organisms employed in the test and is more ef- 
fective on :ic(ively growing cells. These factors may be responsible for 
many of the discrepancies ubscivcd. 

I he greatest Usefulness of btrcptomj’cin lies in its effectiveness for the 
therapy of certain infectious discuses. For this reason, in table 8 patho- 
genic microorganisms and their relative in vitro sensitivities to streptomy- 
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cin are listed. The division into sensitive, moderately sensitive, andresist- 
ant groups was made on the follouHng basis: 

SeMilive. Those microorganisms the growth of the majority of which 
is completely inhibited by less than 10.0 /ig streptomycin per milliliter.' 

Moderately scnsilivc. Those microorganisms the growth of the majority 
of which is inhibited by Ijctween 10.0 and 100.0 /ig streptomycin per milli- 
liter. 

Inscni>ilh'c or rcsistaut. Those requiring more than 100.0 /ig of strepto- 
mycin per milliliter to inhibit. 



Fig 13 Inhibition of gronth of scnsiti^-e bacteria by strcptomyciii'producing 
•S grisemt n = E. colt,h = B myeoides;c = S. aurem; = H (Origin.il). 

Such a division i.s puiely arbitrary, but is at least partly justified on the 
basis of the fact that marked differences in sensitivity of microorganisms 
to streptomycin in vitro do exist. Of moic importance is the fact that 
clinical obser\’ations tend to confirm the validity of such a classification. 

It is apparent from table 8 thata large number of pathogenic bacteria are 
highly susceptible in vitro to the antibiotic action of streptomycin. The 
most notable examples are the Myobaclerium, Pasteurclla, Brucella, Hem- 
ophilus, Salmonella, Klebsiella, and Shigella organisms. It cannot be as- 
sumed, how ever, that species of microorganisms highly susceptible in vitro 
to the antibiotic action of streptomycin will be equally susceptible in 
vivo This is well illustrated by the relative ineffectiveness of streptomy- 
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TABLE 8 

Sensitivity in vitro of pathogenic microorganisms to streptomycin 
Sensitive 


Actinomyces 
Bacillus anlhracis 
Brucella abortus 
Brucella melilcnsis 
Brucella suts 
Donovania granulomalis 
Erysipelothrix rhusiopathiae 
i/emopliilus influenzae 
Hemophilus pertussis 
Klebsiella pneumoniae 
Leptospira icterohaemorrhagiae 
Listeria monocytogenes 
{Listerella monocytogenes) 
Mycobacterium tuberculosis, var. homims 


Mycobacterium tuberculosis, var. 6oi-is 
Neisseria gonorrhoeas 
Neisseria meningitidis 
(Neisseria inlracellularis) 
Pasteurella multocida 
Pasteurella pestis 
Pasteurella tularensis 
Salmonella species 
Salmonella typhosa 
(Eberthella typhosa) 

Shigella dyscnleriae 
Shigella paradyscnleriae 
Streptobacillus monilt/ormts 
Veillonella gazogenes 


Moderately sensitive 


Aerobacter aerogenes 
Alealigenes faccahs 
Corynebacierium diphtherias 
Coxiella burnetii 
(Bicl;e((sia &urneli) 

Diplococcus pneumoniae 
Escherichia coU 
Hemophilus ducreyi 
Malleomyecs mallei 
Micrococcus pyogenes, var. albus 
(Staphylococcus albus) 
Micrococcus pyogenes, var. aureus 
(Staphylococcus aureus) 
Nocardta aslerotdes 


Proteus morganti 
Proteus pulpcrts 
Pseuclomonas aeruginosa 
(Bacillus pyocyaneus) 
Rickettsia akari 
Rickettsia proivazekii 
Rickettsia typhi 
(Rickettsia mooseri) 
Streptococcus, alpha hemolytic 
Streptococcus, beta hemolytic 
Streptococcus faccahs 
Vibrio choleras 
(Vibrio comma) 


Bocteroidcs fragilis 
Bacteroidcs fundiliformis 
Clostridium species 
.1fallcom]/ces pscudomallet 
Rickettsia tsutsugamushi 
(RickcUsia orientolis) 

V'lrus of feline pncumoiutia 
Virus of human iullucnza 
Virus of Ijmphogranuloma vcncrcuuv 
Virus of mcningO'pncmonitts 
Virus of mumps 

cm therapy for the treatment of 
tions in humans. 


Jnsensitiie 

Virus of iisitlacosis 
Blastomyces dcrmaiidilis 
Candida allucons 
Coccidioidcs immitis 
Cryptococcus ncoformans 
(Torula histolytica) 
Gcotrickum species 
i/istoplosma copsulatum 
Eadamoeba Aistolytica 
TricAomonas vaginalis 
Trypanosoma species 


Brucella, Salmonella, and Shigella infec- 
When a bacterium is susceptible to the action of strep- 
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tomycin in vivo, however, there is a correlation between the sensitivity in 
vim and in titro. Highly su&ccptiblc organisms respond to the action of 
streptomycin in vivo more readily than do tiiose moderately sensitive. 
Those veiy resistant in vitro respond not at all in vivo. 

Effect of STnEi»TOMYciN’ on Monraotoav op Bacteke^ 

Marked changes in the morphology of certain bacteria have been ob- 
serv’cd following exposure to streptomycin. These changes occur more 
frequently among the gram-negative bacilh' than among the gram-positive 
(4). 

Gram-negative bacilli, particularly Shigella Salmonella, when ex- 
posed to slightly bacteriostatic concentrations of streptomycin, may be- 
come elongated and swollen and stain irregularly. Coccoid forms of S. 
iyphimurium have been observed. Definite, but lessor degrees of change 
have been seen in Acrohacter and Prolcui. No consistent changes were 
noted in <S. typhosus, Vibrio, B. colt, and Ps. aeruginosa (4). B. eoli, when 
exposed to streptomycin, has been reported to become either elongated or 
shortened and to grow in chains (5). 

Cultures of M. avium and M. tuberculosis var. homtnis have been re- 
ported to show an increase in granulation, a decrease in length, and a loss 
of acid-fastness after exposure to streptomycin (6). 

Streptomycin also has been reported as having a lytic action on B. sub- 
tilts cells (1). 

DlUVDROSTnEl’TOirvClN AND MANNOSIDOSTBEPTOilTClN 

Diliydrostreptomycin has been reported as essentially equal to strep- 
tomycin in its bacteriostatic action for B. colt, B. suDttlts, S. marcescens, 
B. mycoides, S. schoUmuUen, Sh- paradyscntcriae (Sonne), A7. pneumoniae, 
S. aureus, Streptococcus, M. tuberculosis (H37Rv) (7). 

On the other hand, although dihj'drostreptomycin was reported to be 
approximately equal in activity to streptomycin against A. acrogenes, B. 
subtibs (Merck), Kl. pneumoniae, and S. marcescens, it was found to be 
less active against one strain each of S. aureus, Ps. aeruginosa, B. sublilis, 
M. tuberculosis, and Daalhts sp. strain 290 (8). 

More recent studies indicate that dihydrostreptomycin and streptomy- 
cin have a closely comparable bactenostatic action in vitro on tubercle 
bacilli (0, 10, H)- 

The relative sensitivity in vitro of a variety of microorganisms to strep- 
tomycin, dihydrostreptomycin, jnannoddostreptom 3 ’cin, and dahydroman- 
nosidostreptomycin was brought out in table 3. Dihj'drostrepfom 3 'cm is 
less active than streptomycin against some of the organisms, especially 
s. schoUmillen aud S. typhosa. The activity of dihydrostrcptomycin for 
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tubercle bacilli, wtb the exception of one strain, “K,” is essentially the 
same as that of streptomycin. 

The bacteriostatic action of both mannosidostreptomycin and dihydro- 
mannosidostreptomycin is significantly Jess than that of streptomycin and 
dihydrostrcptomycin for all the organisms, with the exception of S. lyphosa 
and S. schottmuUeri. These results are similar to those previously re- 
ported (12). 

Miscellaneous Activities and Applications of Streptomycin 

IN VITRO 

Although streptomycin is inactive against filterable viruses, it can inac- 
tivate E. coli and S. aureus bacteriophage strains (13). 

Streptomycin had no effect on tetanus toxin after 48 hours' exposure 

(U). 

The fact that streptomycin in high concentrations can be bacterio- 
static or bactericidal for many types of bacteria is applied where selective 
culture media arc desired. The antibiotic can be added to agar media for 
isolation of pathogenic fungi (15); it can be used to render cultures of pro- 
tozoa bactcria-frco (10, 17); and, in virus studies, it can be used to pro- 
tect chick embryos from bacterial contaminants (18, 19). 

Streptomycin has been used in the preservation of milk (20) and of bull 
semen (21), Limited study has indicated that it may liavc some useful- 
ness for elimination of various plant pathogens (22). 

hlETiiODS OP Testing Streptomycin Sensitivity 

Since bacteria vary in their sensitivity to streptomycin and arc also ca- 
pable of becoming resistant to the antibiotic, the testing of sensitivity to 
streptomycin becomes an important laboratory determination. An in 
vitro test is performed with the object of finding the least amount of strep- 
tomycin, expressed in micrograms or units per milliliter, that will effect 
complete bactcriostasis. The direct result of this test will provide a 
quantitative estimate of the action of streptomycin and a characteriza- 
tion of the organism in question as being sensitive or insensitive to strep- 
tomycin in vitro. 

The procedure for the determination of streptomycin sensitivity is es- 
sentially one of exposing a culture of actively growing bacteria to a graded 
series of streptomycin concentrations in an appropriate culture medium 
uiul, after a suincicnt period of incubation, recording the least concentra- 
tion of streptomycin tliat caused complete inhibition of growth. It is of 
considerable importance to observe these general precautions: 

1. 'live culture medium should be sufficiently nutritive to permit ade- 
quate growth. 



100 


ANTIDACTEHUL AXO HJAnMACOLOGIC 


2. Substances which may materially interfere wth or potentiate the 
action of streptomycin, directly or indirectly, should not bo present. 

Z. Tho pH of the culture medium should he neutral or slightly alkaline. 

4. The temperature of incubation sliould be optimal for the test oi^an- 
ism. 

0. The inoculum of tesit organisms should be large enough to include a 
representative portion of the groxx’th, since there may be variation in sen- 
sitivity to streptomycin among bacteria of a single strain. The inoculum 
should not be so large, however, that there is an appreciable dilution of 
streptomycin in the test medium or tliat the true sensitivity of the oi^an- 
ism may be obscured. 

<3 The streptomycin used should be of known potency. 

7. Control media, ujfhout streptomycin, sliould be inoculated and run 
in parallel with the test- 

Many procedures have been devised for determining sensitivity to strep- 
tomycin, and a few tliat have found wide application are described below; 

Indirect methods 

Tlic test organism is subculturc<l after onginal isolation and used as a 
pure culture. 

LIQUID MEDIUM 

Dilutions of slrcplomycm arc made up in stenle broth. These may be 
in twofold increments, as for c.\ample: 100, 50, 25, 12.5, 0.25, 3.13, 1.56, 
0.78, and 0 ;ig/ml of the medium. Each tube is inoculated uith the test 
organism and incubated, usually at 37*’ C for 18 to 24 hours, ilycobac- 
tena uill require a much longer period of incubation. 

This method is especially suitable for laboratones that perform strep- 
tom3’cin-sensitivity tests infrequentlj'. 

SOLID ilEDIUM 

Agar media are prepaied with varying concentrations of streptomj'cin 
as previouslj' described for liquid media. Since streptomj'cin is to some 
extent thenuolabile, it must Iw added asepticallj' to the sterilized and 
cooled agar base. The media are distributed in sterile petri dishes, and a 
number of different strains of bactena maj' be inoculated on the same plate. 
A single loopful of broth culture is streaked radially' on the plate. In 
this manner it is possible to test as many as sixteen strains on a standard 
petn dish. 

This procedure is recommended for laboratones that perform many sen- 
sitivity tests. “Spreaders," such as Proteus species, should not be tested 
uith other bacteria on the same plate (fig. 14). 
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Direct methods 

Material from infectious processes may be inoculated directly on media 
containing streptomycin. 

A solid medium should be used for this test. This procedure has two 
distinct advantages over the indirect methods of testing: (a) by elimina- 
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This method has found its greatest application in the determination of 
streptomycin sensitivity of tubercle bacilli, often shortening by several 
weeks the time involved. The specimen to be tested, such as sputum, is 
first digested to homogenize the specimen and to eliminate contaminating 
organisms. It is then concentrated, and the material is inoculated on 
tubes of egg-j’olk agar previously prepared to contain varying concentra- 
tions of streptomycin. If large numbers of tubercle bacilli are present in 
the original specimen, results may be evident wthin 2 weeks of incuba- 
tion (23) (fig. 15). 



A standard reference strain of bacteria may be run in parallel with other 
organisms, to be used as a ba»s for the calculation of end points. This is 
done where the potency of streptomycin preparations may varj’ from test 
to test and when it is desired to check on the test medium (24). 

Miscellaneous methods 

1. indicator may be used m the test medium as a means of revealing 
the presence of growth through a color change. For colifonn and related 
bacteria, glucose and a pH indicator may bo added to the medium (25). 
An objection to the latter procedure is that a shift in pH toward acidity 
will correspondingly decrease the activity of streptomycin (fig. 16). 
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2. The bacteria to be tested are streaked evenly on an agar medium in 
a petri dish, and a filter disc saturated with streptomycin is placed on the 
surface of the inoculated medium (26). A number of discs, with varying 
concentrations of streptomycin, may be used on one or a series of plates. 
After incubation, a zone of inhibition, roughly proportional in size to the 
sensitivity of the organism, will appear around the disc. A pure culture 
of bacteria may be used, or the specimen may be inoculated directly on the 



Fio. IG. Filter paper disc method for the dctcrmiaatioQ of Baositivity to strepto- 
mycin. 

plate. This procedure is essentially qualitative, for a number of factors 
other than the sensitivity of the oi^amsm will affect the size of the zone. 

3. A correlated in vitro-in vivo test may be made by using one of the 
previously described in vitro methods and infecting a chick embryo or sus- 
ceptible laboratory animal uith the microorganism to be tested (27, 28). 
By treating the infected egg or animal wth streptomycin and later as- 
saying the therapeutic effect, one can obtain an in vho sensitivity deter- 
mination. 

Since streptomycin will retain its potency for a considerable time at 
low’ temperatures, streptomycin test media may be prepared in advance 
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This method has found its greatest application in the determination of 
streptomycin sensitivity of tubercle bacilli, often shortening by several 
weeks the time involved. The specimen to be tested, such as sputum, is 
first digested to homogenize the specimen and to eliminate contaminating 
organisms. It is then concentrated, and the material is inoculated on 
tubes of egg-yolk agar previously prepared to contain varying concentra- 
tions of streptomycin. If large numbers of tubercle bacilli are present in 
the original specimen, results may be evident within 2 weeks of incuba- 
tion (23) (fig. 15). 



A standard reference strain of bacteria may be run in parallel with other 
organisms, to be used as a basis for the calculation of end points. This is 
done where the potency of streptomycin preparations may vary from test 
to test and when it is desired to check on the test medium (24). 

Miscellaneous methods 

1. indicator may be used in the test medium as a means of revealing 
the presence of gro^^th through a color change. For coliform and related 
bacteria, glucose and a pH indicator may be added to the medium (25). 
An objection to the latter procedure is that a shift in pH toward acidity 
will correspondingly decrease the activity of streptomycin (fig. 16). 
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and stored in the refrigerator for several weeks. 1/ this is done, solid or 
liquid media must be properly scaled to prevent e.v;ces3 evaporation and 
subsequent increase of the strcptomi'cia concentration. 

In recording results from cither solid or liquid media, there should be a 
definite endpoint, with a particular concentration of streptomycin causing 
complete inhibition. The least amount of streptomycin used that pre- 
vents growth of the test organism should be reported. This may involve 
use of the terms sensitive or resistant, uhich may in some cases lead to con- 
fusion. As an example, an organism is tested Inch grows in the presence 
of 0.25 fig of streptomycin per milliliter, but is inhibited bi' 12.5 
This may be reported as: 1. "Organism sensitive to 12.5 fig streptomj'cin 
per milliliter," or 2. "Organism resistant to 0.25 pg/ml; sensitive to 12.5 

A strain of bacteria, though in pure culture, may consist of organisms 
having different sensitivities to streptomycin, with the result that a sharp 
endpoint will not be obtained. In liquid or solid media there may be a 
“tapcring-oil” of growth through increasing concentrations of streptomy- 
cin. As an e.xample, when the twofold dilutions previously mentioned 
are used, the test organism may show •!+ grow thin 1.56 pg of streptomycin 
per milliliter of medium, 3+ growth in 3.13, 2+ growth in 6.25, Id- 
growth in 12 5, a "trace" in 25, and complete inliibition in 50. In this 
case, the test may be reported as; "Partial inliibition from 3.13 through 
25 pg streptomycin per milliliter, almost complete by 12.5 pg/ml." 

IVhen a solid medium is used, it may be possible to report the number 
of colonies occurnng in higher concentrations of streptom3'cia, as w ell as 
the appro.ximate relative numbers of streptomycin-sensitive and strep- 
tomycin-resistant organisms. 

It would be lughl^' desirable for laboratories to use a standard test. 
In many instances the decision of whether a patient will receive strepto- 
mycin will be based on the results of a sensitiv’iti' determination, and if the 
test is performed vvjthout due regard for factors that may senously affect 
the activity of streptomycin, a false impression may be obtained. Smee 
it is unlikely that a universal procedure will be adopted, the alternative is 
fundamentally one of being consistent A procedure used by a labora- 
tory should be rigidly controlled, and a standard reference strain should 
be used at intervals as a check on the performance. 
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and stored in the refrigerator for scv'cral weeks. If this is done, solid or 
liquid media must be properV sealed to prevent excess evaporation and 
subsequent increase of the streptomycin concentration. 

In recording results from either solid or liquid media, there should be a 
definite endpoint, with a particular concentration of streptomycin causing 
complete inhibition. The least amount of streptomycin used that pre- 
vents growth of the test organism should be reported. This may involve 
use of tlie terms sensUive or resistant, which may in some cases lead to con- 
fusion. As an example, an organism is tested uinch grons in the presence 
of G.25 tig of streptorai'cin per milliliter, but is inhibited by 12.5 fig/aH. 
This may be reported as: I. “Organism sensitive to 12.5 pg streptomycin 
per milUlUcr,” or 2. “Organism resistant to 0.25 pg/ml; sensitive to 12.5 
ag/nd.” 

A strain of bacteria, though in pure culture, may consist of organisms 
having different sensitivities to streptomycin, with the result that a sharp 
endpoint will not bo obtained. In liquid or solid media there may be a 
“tapcring-o/T“ of growth through increasing concentrations of streptomy- 
cin. As an example, when the tuofold dilutions previously mentioned 
aroused, tho test organism may show 4+ growth in 1.56 ;ig of streptomycin 
per milliliter of medium, 3-1- grouth in 3.13, 2-f growth in 0.25, Id- 
growth in 12 5, a “trace" in 25, and complete inhibition in 50. In this 
case, the test may be reported as: “Partial inhibition from 3.13 through 
25 fig streptomycin per milliliter, almost complete by 12.5 /ig/ml." 

When a solid medium is used, it may be possible to report the number 
of colonies occurring in higher concentrations of streptomycin, as well as 
the approximate relative numbers of streptomycin-sensitive and strep- 
tomycin-resistant organisms. 

It would be highly desirable for laboratories to use a standard test. 
In many instances the decision of whether a patient will receive strepto- 
mycin will be based on the results of a sensitivitj' determination, and if the 
test IS performed without due regard for factors that may seriously affect 
the activit 3 ' of streptomj'cin, a false Impression maj* be obtained. Since 
it is unlikely that a universal procedure will be adopted, the alternative is 
fundamentally one of being consistent. A procedure used by a labora- 
tory should be rigidly controlled, and a standard reference strain should 
be used at intervals as a check on the performance. 
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tion of dihydrostreptomycin, organisms resistant to other drugs, that is, 
sulfonamides, sulfones, or penicillin, are not necessarily resistant to strep- 
tomycin in vivo or in vitro. The antibiotic can therefore be used vith ef- 
fect in some infections, due to oi^anisms of relatively low sensitivity to 
the drug, in which streptomycin would not be the drug of choice, but in 
which organisms resistant to the better drugs are involved. Organisms 
resistant to dihydrostreptomycin arc resistant, however, to streptomycin 
and vice versa. 


Pasteuhelia Infections 

Studies by a number of workers attest to the efficacy of streptomycin 
in the treatment of experimental infections with P. pcstts. Among the 
experiments of Wayson and McMalion (1), Homibrook (2), Herbert (3), 

TABLE 9 


Effect of stTeptornycxn treatment on mice infected subcutaneously with P. pestU* (3) 


STREPTOVYCltt TBEi^TUENT STAKtCO 

soamoss (21 da vs) 

WEAK DEATU IIUC 



1 dayi 

Immediately after iafectlon 

17/20 (85%) 

6.8 

24 hours after infection 

12/20 (60%) 

8 1 

48 hours after Infection 

1/20 (5%) 

5 8 

72 hours after infection ' 

0/20 

6.0 

Controls (no treatment) 

0/20 

3.8 


* ^lice lG-18 gm. Infecting dose 349 viable organisms subcutaneously (in back) . 
Streptomycin doses of 400 units in 0.2 ml saline solution injected intraperitoneally 
twice daily for 2^ days (5 doses = 2,000 units in all) 


Quan, Foster, Larson, and Meyer (4), Meyer, Quan, and Larson (5), and 
Sokhey and Wagle (6) arc examples of the protection of mice or guinea 
pigs infected by injection by various routes, by inhalation, and by the 
bites of infectious fleas. 

Quan el al. (4) found that mice, treatment of which was begun 48 hours 
after subcutaneous inoculation, at which time the infection was well ad- 
vanced, remained ell after administration of 500 Mg of streptomycin every 
3 hours for 3 days, a total of 12 mg. When one intraperitoncal treatment 
was given on the 48th hour after infection, the median eflective dose was 
1,000 to 1,250 Mg for a mouse weighing 20 gm. When mice were infected 
intranasally with P. peslis and treatment was begun 36 hours later with 
200 to 400 Mg of streptomycin administenxl intraperitoneally every 6 hours 
for 10 days, 90 to 95 per cent survived. Treatment with a combination 
of sulfadiazine and antiplaguc scrum was less effective than treatment with 
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CnAPTER 8 

ACTIVITY OP STJiEl>T03fYCIiY IK EXrERJMEKTAL 
INFECTIONS 


The activity of streptomycin in experimenfal infections in I'h'O 
of course, depend, us it docs in man, on tJio concentrations achieved ac- 
tually at the locus of infection, as well as on tJie susceptibility of the given 
organism to streptomyem under the given conditions. Such concentra- 
tions will be a function not only of the dosage regimen, that is, the phar- 
maceutic form of the drug, the route of administration, and the frequency 
of dosage, but also of conditions in the liost. The latter factor will, of 
course, be moat important in the case of subacute or chronic infections 
in w’hich tissue reactions may produce alterations, in supplj’ of blood ami 
tissue fluids to the locus, of greater or Icbser extent. 

For the purposes of the present discussion, it is presumed that all these 
factors have been recognized and that the results obtained are those to be 
expected ^^■hen such factors have been so arranged as to be optimal for the 
host m resistance to the parasite. UTien, in any given work, such is 
clearly not the case, attention will be drawn to that fact. 

Most of the known data beanng on the problem of achieving optimal 
and active concentrations of the antibiotic at the locus of infection are 
discussed elsewhere in the present volume. Thus, the effect of changes 
in the surrounding menstruum on the antibacterial activitj- of the anti- 
biotic are discussed in the chapters on antibactenal activity of streptomy- 
cin in vilro (chapter 7) and mode of action of streptomycin (chapter 12). 
^\'liat is known concerning the factors influencing concentration of the an- 
tibiotic at any given place or time is fully eoveretl in the chapter on the 
absorption, distnbution, and excretion of streptomycin (chapter 14). 

One other general statement on the activitj’ of streptomycin can be 
made. Presumably because its mode of action is different from that of all 
other presently employed chemotherapeutic substances, with the cxcep- 
112 
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Brucklla Infections 

In an early experiment Jones et al. (14) infected chick embryos with 
Br. abortus and treated them with crude streptomycin. The results of 
cultures of the embryos indicated that treatment with approximately 300 
to 000 units of the drug eliminated the organism. 

After this, studies of tlie effect of stieptomycin on mice or guinea pigs 
infected with Br. abortus or Br. sms were leported by lave, Sperling, and 
Stubbs (15), by Gilman and LeGiow (IG), and by ICelly and Henley (17). 
In general, tiieir results indicated lliat stieplomycin exercised some sup- 
pressive effect on the infections as evidenced by cultures and observations 
of the liver, spleen, and lymph nodes of the animals. Only by prolonged 
treatment with large doses of the drug was the organism eliminated from 
the animals and then with no regularity. In one experiment Live, Sper- 
ling, and Stubbs (15) inoculated guinea pigs with 1,000 infective doses of 
Br. abortus by subcutaneous injection and treated them for 24 days with 
20,000 units of streptomycin daily divided into six equal doses. When 
examined 1 to 15 days after cessation of treatment, only seven of thirty- 
five animals yielded positive cultures. 

Finally, Hall and Spink (18) and Shaffer and Spink (19, 20) studied 
the effect of streptomycin and other agents on cliick embryos infected with 
Brucella via the allantoic sac or the yolk sac. They concluded that strep- 
tomycin exercised a protective effect but that its combination with sulfa- 
diazine was more effeetive than either drug alone. 

Hemophilus Infections 

That H. influenzae infectious in mice aro very susceptible to ticatment 
with streptomycin is indicated by the work of Hewitt and Pittman (21) 
and Alexander and Leidy (22). The former workers infected mice intra- 
peritoneally with approximately 100,000 M.L.D. of a sensitive strain of 
the organism suspended in mucin and found that the smallest total amount 
of streptomycin giving 50 per cent protection was IGO units. The drug 
was administered subcutaneously in three equal doses, the first dose being 
given 30 minutes before inoculation and two subsequent doses being given 
at 4-hour intervals. Streptomycin was the most effective single agent 
of the several agents that were tested against such an infection. 

.fUexander and Leidy (22) determined the smallest single intraperitoneal 
dose of streptomycin which would protect 50 per cent of mice against 100,- 
000 to 1,000,000 LDia of 11. influenzae. With the several sensitive strains 
of the organism studied, the minimal effective dose varied between 19 and 
39 units. 

Mice infected with //. pertussis are partly protected by treatment with 
streptomycin. In one experiment by Hegarty, Thiele, and Ven\ ey (23) 
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streptomycin. When guinea pi^ were infected subcutaneously nith 1,000 
M.L.D. of organisms, treatment beginning 120 hours after infection with 
10 mg per day for 10 days protected 80 to 100 per cent of the animals. 
One of the experiments by Herbert (3) is summarizeil in table 9. 
Several reports indicate that streptomycin is ciTcctivc in the treatment 
of P. tulartnsis infections in mice. In a study by Heilman (7), mice 
were infected intraabdominally with 10 to 100 lethal doses of the otgani.sm 
and treatment was begun 7 to 8 hours after infection. The dnig uas ad- 
ministered subcutaneously at mtcrvals of 3 to -1 hours, five times during 
the day for 10 days. Mice trca(c<l with 1,000 units per day all survived. 
Of mice receiving oOO units per claj', 42 i>cr cent surv’iveJ. The results of 
the experiment are summarized in tabic 10. 

TABLE 10 


EJ/ccl oj streptomycin on deaths of mice inoculated with P- lularcnsis (7) 


Tn»liriut ' 

ia(x THAT eiEP cacs day Am* isocrunov 

DA)i Alttf inocuUueD 

xvusu 
or vies 
riur 
otao . 

vot* 

YAUTY 

lATt 

-1 

2 

i 

4 

1.^ 

U' 

I * 

! ^ ' 

1* 

9 

10 

to 

IS 






r 


! 

1 




ftrttiU 

Treated with 1,000 units pen 






^ 0 1 







day (30 mice) . 

i 0 1 

0 

0 

0 

'0| 


i 

! 0 

' 0 

0 

0 

0 

Treated with 500 units per 








1 





day (12 mice) 

1 ® 1 

\ 0 ! 

Oi 

1 0 

lo| 

1 I 

' 

1 2 

0 

' 1 

5* 

42 

■Untreated (30 mice) 

1 » 

f 0 

1 13 

1 17 

io 

1" 


1 ^ 

' ^ ! 

“I 

30 

1 100 


* T\fO other mice died of pneumonia on the 26tU and 32ud daj-s respoctUely. 


Chapman, Corieli, Kowal, Nelson, and Downs (8) infected mice inlra- 
dermally with 15 to 20 JI.L.D, of P. lularams. IHien therapy was dc- 
]a 3 'ed for 24 to 72 hours after mfectiun, 10,000 units of streptonycin per 
Icilogram given subcutaneously every 3 houi-s for 10 daj’s lesulted in sur- 
vival rates of SO to 100 per cent of the animals Likewise, Tanuira and 
Suj’cmoto (9) found the drug effective in experimental tularemia infec- 
tions in mice. 

With turkej’s inoculated intravenously %%'ith P. viuUocida, McNeil and 
Hmshaw (10, 11) found that death was prevented by intramuscular ad- 
ministration of 150,000 units of streptomycin witliin G liours after infec- 
tion. 

IVhen mice were infected intranasally or intracerebrally bj' Jawetz 
(12 13) with an unknown species of Paslcurdla, tlie administration of rel- 
atively large doses of streptomycin resulted in partial protection. 
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E. COLI 

Leopold and associates (34) infected the eyes of rabbits with E. coh by 
injecting 20,000 organisms into the vitreous humor. The infection was 
controlled when 100,000 /ig of streptomycin was injected into the vitreous 
within 30 minutes after inoculation. Administration of the drug by ret- 
robulbar injection plus iontophoresis or by anterior chamber injection re- 
sulted in partial protection. 


TABLE H 


Effect of treatment with slrtptomycin on experimental infections in mice with 
microorganisms of the FriedUinder group 





1 


1 

1 

1 



stiEWomoM* 1 


I 

1 






1 



UOK- 

MENt 

Strain 

Nufftbar 
of times 
lethal dose 

How glVCD 

Units 

Number 
of da>» 

OCUIATEO 

r 

THAT DUI) 

TALITV 








1 

1 per tent 

1 

No. 575 

10,000 

1 Iiitra* 

185 

3 

8 

0 

0 


Typo 

ubdomiiully 

4C0 

2 

G 

0 

0 


unknown | 



None 


14 

14 

100 

2 

No. 837 1 

1,000 

Intra- 

500 

3 , 

20 

^ 1 

^ 5 


Type A 


abdominally 

250 

3 i 

20 

' 6 

30 





None 


20 

' 20 

' 100 

3 

No. 838 

1,000 

Intra- 

500 1 

3 

15 

0 1 

0 


Typo A 

abdominally 

None , 


15 , 

15 , 

100 

4 

No. 837 

100 

Intra- 1 

500 

3 

10 

8 

SO 


Typo A 


nasally , 

None 


10 

1 10 

' 100 

5 

, No 837 

100 

Intra- l 

500 1 

7 . 

'15 1 

^ 2 

13 


1 Type A 


1 nasally 

None 1 


1 

1 15 

100 


• Treatment wjis started 3 hours after infection In experiment 1 the mice were 
treated five times a day. In the remaining experiments treatment was administered 
twice .a day. 


Salmonella Infections 

'I'liat mice infected with lethal doses of S, sckoUmuUcH could be protected 
by treatment with strcptomj'cin was shown early by Jones ct al. (14) and 
by Robinson, Smith, and Graessle (35). Using a similar t 3 'pc of infection, 
Rake and his colleagues (30) found both streptomycin and streptomyem 
B to be effective in a ratio of 1 to 2.7 in terms of weight. 

Slanctz (37) incorporated streptomycin in the drinking tvater to elimi- 
nate cnlcrilidis fiom a colony of mice u&c<l foi the jjro<luction of cnccjih- 
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mice inoculated intracerebrally with 5,000 organisms were given strep- 
tomycin iatraperitoncaliy every' 6 hours for 10 days, starting immediately 
after infection. Treatment uith 2 mg of the drug per day resulted in 50 
per cent sundval. Likewise, Jinidford and Day' (2-4) found that, with 
mice inoculated intranasally with one strain of the organism and treated 
subcutaneously with 130 units of the drug four times daily for -4.5 days, 
more than ten times the number of organisms were required to kill 50 per 
cent of the treated mice than the untreated. 

Itabbits were inoculated inlradcrraaUy with II. ducreyi by Afortara and 
Saito (2o) and treated with streptomycin given intramuscularly. The de- 
velopment of lesions was prcvcntci) by lo0,D00 units of streptomyem di- 
vided into three equal doses given within 24 hours, when treatment was 
started within 4 liours after inoculation. 

Kleosjcll.! I.vfectio.vs 

Several reports indicate tliat streptomycin is elfeclive in protecting mice 
infected with Kl. pneumoniae. Table 1 1 illustrates the results of e.vper- 
iments by Heilman (20) in which the drug was administered subcutan- 
eously'. MTien the mice were infected by’ the intranasal route, longer 
treatment w'as necessary for sur\'ivaL 

Kolmer (27) and Zubrod (23) hkewisc obtained protection. Hadley, 
Laurent, and Onslow (20) found streptomycin liighly' effective in prevent- 
ing fatal pneumonia in rats after the intrabronchfal inoculation of Fried- 
lander organisms when the drug was administered intramuscularly or in- 
haled as an aerosol. 


D. cn.vxoLO\wris 

D. granulomalis, recently isolatotl from cases of granuloma inguinale 
and believed to be the etioJogic agent (30), has proved to be a gram-neg- 
ative bactenum which more recent evidence has tended to relate to the 
genus fCfefasicHa m the tnlie Eschericluac (31) -Vs might lie e.xpccted, 
were such a relationship actually’ to l>e provetl, D granulomalis lias liecn 
shown to be highly sensitive to streptomycin. Thus Dunham and Hake 
(32) showed that, in vtvo, in the embry’on.ated egg, and in vitro, strepto- 
mycin, with strcptolhricin, was the most active chemotherapeutic com- 
pound of natural or synthetic ongiii tested. T'his report w as soon followed 
by one of clinical success m the treatment of twenty-three patients (33)- 
Donovan bodies disappeared from the lesions in 5 to 9 day’s. In subse- 
quent laboratory studies Rake and Dunham (32.1) e.vpanded the earlier 
studies and showed that streptomycin had an actual bactericidal activ- 
ity Inacombmed in w/ro and *« vtvo test streptomycin was active at-1 
units/ml when tested m the embrj’onated chicken egg. 
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Using chick embryos infected on the chorioallantois, Ordal and Meyer 
(44) obtained 50 per cent protection by treatment, C hours after inocula- 
tion, with three doses containing a total of 150 units of the drug. 

Pseudomonas 

Jones cl al. (14) succeeded in protecting mice injected with lethal doses 
of Ps, aeruginosa by the administration of four doses of streptomycin at 6- 
hour intervals, the total amount of drug per mouse being 190 units. Un- 
der the conditions of his experiments Robinson (43) failed to attain pro- 
tection of animals with a similar type of infection. 

The abraided corneas of rabbits were infected with Ps. aeruginosa by 
Bellows, Burkholder, and Farmer (45, 46) and treated with streptomycin. 
Three instillations, at 2-hour intervals beginning 6 hours after inoculation, 
of a solution containing 10,000 mg of the drug per milliter afforded com- 
plete protection. 

Malleomyces 

Miller, Panncll, and Ingalls (47) studied the chemotherapy of experimental 
infections with M. mallei and jif. pscudomallei in hamsters. They con- 
cluded that streptomycin had little effect on established infections ■with 
either organism but found sulfadiazine to be very effective. 

Neisseria 

The meningococcus is susceptible to streptomycin in vivo. Miller and 
Bohnhoff (48) infected mice by intrapcritoneal inoculation of approximately 
100,000 lethal doses of iV. meningitidis suspended in mucin. With normally 
susceptible strains of the organism, complete protection was attained with 
two subcutaneous doses of streptomycin, each containing 50 units, adminis- 
tered 3 and 6 hours after infection. 

S. MONIUFORM13 

Streptomycin was found superior to penicillin by Levey and Levey (49) 
for treatment of mice %vith involvement of joints following intravenous 
infection ^vlth S. moniliformis. Administration of 5,000 units of strepto- 
mycin three times a day for 3 days cured 85 per cent of the animals. t\Tien 
doses were halved, 70 per cent were cured. 

1’lEUROP.\EUMOXIA-L1KB OnGANlSilS 
Rats u ere infected intravenously with plcuropncumonia-hko organisms 
and treated wth streptomycin by Powell, Jamieson, and Rice (50, 51). 
Wfficn treatment was started 1 liour after infection, death or the develop- 
ment of disabling arthritis was prevented by the administration of 1,000 
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alitis vaccine. The animals were treated for 7 days and received approx* 
imatcly 100 units a day. 

Streptomycin was found by Benson (38) to be elTcctivc in protecting 2- 
day chicks inoculated with S. pullorum. WTien five injections, each 
containing 2,500 units of the drug, were given at 12-hour inter\*al5 start- 
ing 16 hours after infection, 82 per cent survivcii. Of the untreated con- 
trols 19 per cent sundved. 

In mice infected with S. lyphoia, Welch ct al. (39) found the mortality 
rate to be increased by small doses of streptomycin, whereas larger doses 
afforded protection. Hobby and Lenert (40) obtained increased sumval 
rates in mice infected intr.aperitoneally with S. typhosa suspended in mucin 
and treated with three doses of streptomycin or with a fraction remaining 
after the removal of strcptomj-cin from crude material. 

Rats that had ulcerative cecitis were given 0.1 gm daily of strepto- 
mycin in the drinking water by Bloomfield and Lew (41). Treatment for 
10 days resulted in a striking therapeutic clTcct. Although the primarj* 
cause of the disease is not known, the organisms of the Salmonella group 
constantly associated with the disease disappeared after the treatment. 

Rake, Pansy, Jambor, and Donovick (40A) demonstrated that, although 
3.6 times as much dihydrostreptomycin as streptomycin was required 
to inactivate S. schoUmnllcri tn vitro, only 1.9 times as much was required 
in standardized infections in vtio with this organism in mice. Rake and 
Donovick (40B) examined the effect of single as compared to divided dose 
schedules in the same standardized infection. Using cry’stalline strep- 
tomycin, they showed that the CDjo for a single dose in different e.x- 
periments lay between 3.0 and 5.9 mg/kg, whereas when the same amount 
was divided into three injections a day’ the CDso lay between 7.5 and 11.5 
mg/kg. Thus when divided doses were used, more than twice as much 
streptomycin was required to protect 50 per cent of the mice. 

Shigella 

The effect of treatment with streptomy'cin on Sk. gallinanim infections 
in the chick embry'o was studied by Jones, Metzger, Schatz, and Waksmaii 
(14). Although many of the embryos died from causes other than the in- 
fecting organism, the results of cultures of the embry'os indicated that 
150 to 300 units of streptomycin protected against the infection. 

pROTEOS Infectioxs 

The workers at Rutgers University' (14, 42) reported that animals in- 
fected with Pr. vulgaris and also with a mixed culture of this organism and 
an anaerobic streptococcus were protected by administration of strepto- 
mycin. Robinson (43) was less successful. 
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Listeria 

Gray, Stafseth, and Thorp (56) examined the effect of streptomycin on the 
blood and temperature of rabbits infected with L. monocijlogcnes and 
reported, “The data obtained would suggest that a large dose of streptomy- 
cin given during the early stage of the disease may be of some value.” 

B. ANTURACIS 

Streptomycin was found by Miller, Scott, Noe, Madin, and Henley (57) 
to be highly effective and superior to penicillin and sulfadiazine in the 
treatment of B. anihracis infections in mice. The mice were infected sub- 
cutaneously with at least 100 M.L.D. of B. anthracis spores and treated by 
administration of streptomycin subcutaneously every 3 hours for 7 days. 
In one experiment in which treatment was started 24 hours after infection, 
doses of 100 to 200 units of streptomycin, 800 to 1,600 units a day, resulted 
in survival of 85 to 92 per cent of the animals. 

Employing a strain of B. anihracis only sliglitly susceptible to streptomy- 
cin in vitro, Kolmer (27) obtained somewhat le^ favorable results with the 
drug. 

Clostridium Infections 

Streptomycin has not been found effective in experimental Clostridium 
infections. Ryan et al. (58) infected mice with the various clostridia which 
cause gas gangrene. A single topical application of the drug to the infected, 
wounded thighs of mice was without effect except that it prolonged the 
life of mice infected with C. perfringens 52 per cent. In experimental C. 
perjringens infections in guinea pigs, according to Robinson (43), strepto- 
mycin had no influence on the disease, even when the drug was injected 
at the site of the infection. 


Agrobacterium 

Crown gall, a bacterial infection of plants, was treated by Hampton (59) 
with streptomycin. Local application of tlie drug resulted in cure of the 
disease in several different genera. 

SPinOCIIET.\U INFECTIONS 

In experimental infections with B, novyi and L. ictcrohacmorrhagiae, 
streptomycin was found by Heilman (60, 01) to be active against both or- 
ganisms, although less so than pemcillin. In the case of B. novyi, he used 
Swiss mice and showed 1 ,000 units a day in five divided doses produced some 
clearing of the blood and less frciiuent relapses than in the control group. 
Syrian hamsters were used for the work with L. tctcrohacmorrhagiae. In 
this case 1,000 units of streptomycin a day m four divided dosics protected 
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units of streptomycin, given tlircc times a day for 3 or 4 days. When treat- 
ment ^vas delayed, larger doses of the drug \vcrc required. 


M. i'i'OGn.vi:a 

That experimental staphylococcal infections produced hy normally sensi- 
tive strains of M. pyogenes can be rc.adily controlled hy streptomycin has 
been reported by Robinson, Smith, and Graessle (35) and by IVolinsky and 
Steenlrcn (52). The lattcru’orkcrsprolectcdmicc infectedintrapcritoneally 
n-ith lethal doses of tiie organism hy intrapcritoncal infection of 500 units of 
the drug at the time of inoculation and repeated once 1.5 hours later. 

STilUITOCOCCUS 

Largo amounts of streptomycin were found by Robinson (43) to be 
necessary to protect mice infected with lethal do.s-es of hemolytic strepto- 
cocci. When 5. pyogenes was inoculated into tlie vitreous humor of the 
eyes of rabbits, Bcllou’s et al. (45, 40) were able to prevent development of 
an abscess by injecting as little of 25/<g of the drug into the v'itreous n-ithin 
0 to 8 hours after infection 

Rake and Donovick (40A) have demonstrated that there is no significant 
ditferenco betneen diiiydrostrcptomycm and streptomy’cin in the amount 
required to protect 50 per cent of the mice infected wntli 500 lethal doses of 
S. pyogenes C-203. It lias also been possible to demonstrate (40jB) that in 
standardized Strepiococcus infections m mice, as in infections by S. schoii' 
mUllcri, approximately twice as much pure streptomycin or dihydro- 
streptomj'cm is required with a divided dose schedule of thiee doses a day 
as with a single dose. 

D. pXEo.uoN'rAn 

Mice were infected with many lethal doses of D. pneumoniae by Robinson, 
Smith, and Graessle (35) A single subcutaneous injection of 1,000 units 
of streptomy'cm immediately after infection resulted in survival of all of the 
treated animals. 

Ek\ !»IPLM)TUillX 

IMice infected with E rhusiopathiae were treated with streptomycin by 
IClauder and Rule (53 ) Relatively laige doses of the drug produced only a 
slight therapeutic effect Woodbine (54) obtained somewhat better results 
but estimated that penicilJin was five times more effective on a weight-for- 
weight basis. Grey (55) found that a single dose of 140,000 jig of strepto- 
mycin administered to turkej's 24 hours after infection prevented 
death. 
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experiments were carried out m the developing chicken embryo, the strepto- 
mycin being administered immediately before the infective inoculum. Ef- 
fective doses were from 20 mg per egg to as low as 0.5 mg (70), the latter of 
ivhich had a slight rickettsiostatic effect. There is little evidence of the ac- 
tivity of streptomycin on tliesc agents in vitro. Streptomycin had an addi- 
tive effect when used with para-aminobenzoic acid or nitroacridine (71). 
Giroud (72) failed to demonstrate any action of streptomycin on the evolu- 
tion of disease after the intranasal infection of mice with R. mooseri. There 
was, however, some reduction in number of rickettsiae and a change in 
their morphology. On the other hand, some 18 to 18,000 units/ml mixed 
with the rickettsiae had a significant effect on the dermal reaction produced 
by R. mooseri in the skin of rabbits (72). 

Dihydrostreptomycin was also tested by Smadel, Jackson and Gauld (71) 
and was found to have an activity less than tliat of streptomycin. The 
latter drug gave a minimal response at 1 mg per egg against R. rickettsii and 
R. akari in the hands of these investigators, whereas the minimal effective 
dose of dihydrostreptomycin was 2.5 mg per egg. 

Preliminary work (73) has shown that the vole rickettsia of Baker (R. 
microti, nom. nov.) is also susceptible to streptomycin in vivo, but the exact 
limit of effective concentrations remains to be established. Activity of 
crystalline streptomycin has also been demonstrated against (7. hurneti, the 
ogent of Q fever (74). In the infected embryo a rickettsiostatic effect was 
produced with as little as 0.5 mg per egg. In the guinea pig an infective 
dose producing 95 per cent mortality rate in the controls was used. Sub- 
cutaneous administration of 30 mg of streptomycin daily in three to six 
divided doses protected 79 per cent of the animals, although all showed signs 
of infection, such as fever. 

In the Chlamydozoaceae, tests of streptomycin activity have been re- 
ported for M. fclis (feline pneumonitis), M. psittacii (psittacosis), and M. 
lymphogranulomaiis (lymphogranuloma venereum). Against the first two 
agents, streptomycin has no activity in vivo in the chicken embiyo (75, 76) 
in the mouse (77) or, finally, in vitro (78). Thcdataconcemingtlie activity 
of streptomycin against lymphogranulotnatis are conflicting. Wall (79) 
found one sample of streptomycin active in vivo in the chicken embryo; the 
quantities used were not stated. IJamre and Rake (76), on the other hand, 
were unable to demonstrate any activity of streptomycin in vivo or in vitro 
against this agent. 

It has not been possible to produce a laboratory infection with the agents 
of trachoma or inclusion blennorrhea in any animals but monkeys and apes. 
For this reason, experimental studies with streptomycin in these infections 
have not been carried out. Bictti (SO) has shown however, that strepto- 
mycin has no effect on the ctiologjc agent of trachoma in man, although it 
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the hamsters against a dose lethal for all the controls. Streptomycin \^a3 
more thai\ half as effective as pcniciUin. Lcvaditi and Vaisman (62) 
studied mice infected witlr li. duUoni by the intrapentoneal route. Sub- 
cutaneous treatment with strcptomj'cm in daily doses of 5,000 units per 
mouse for 0 days produced complete suppression of the infection. A total 
dose of 30,000 units was also capable of sterilizing 02 to 78 per cent of brains 
of chronic carriers of B. dulloni 58 to 94 days after infection. Wylie and 
Vincent (G3) also tested streptomycin against many different leptospirac 
in viiro. Five units of streptomycin per milliliter gave some activity 
against six strains of L. icterohaemorrhagtae and one strain each of twenty- 
three other species or subspecies, including L. canicola. In most cases, how- 
ever, streptomycin w as less active, unit for unit, tlian was penicillin in vitro. 

Several studies have been made with T. pallidum. The first wasa clinical 
study by Herrcll and Nichols, ((>4) who showed that total do&cs of 1,200,000 
to 10,000,000 units per patient administered intramuscularly, subcutane- 
ously, or intravenously over a 10-day period produced disappearance of 
Treponema m21 to81 hours. Inallcascs, however, thisresponsewasfoUowed 
by relapse. Dunham and Rake (05) tested streptomycin in a standardized 
mtradcrmal infection of rabbits with T. pallidum. They found an activity 
1/3,000 that of penicillin, and the smallest dose, divided into twenty-four 
intramuscular injections, which had any effect when administered 72 hours 
after infection was 79,000 umts/kg. Johnson and Adcock (06) also found 
some activity against intratcsticular infection in rabbits; they used 200 mg 
equivalents for 3 or 4 days in five divided doses intramuscularly. Fisken 
and Gruhzit (07) found no result on a maximal dose of 4,000 units/kg for 
21 days followed by 10,000 units/kg daily for 14 days, showing that even 
large doses, in this case a total of 224,000 units/kg, are without effect if so 
divided that adequate blood and tissue levels are not aclueved. Droubet 
(68) tested the activity of streptomycin against T. pallidum in the mouse 
and found that sterilization of the tissues did not occur until a total dose of 
25,000 units — 5,000 units a day for 5 days — was reached 

In general, then, streptomycin is active against all the spirochetes tested, 
but the activity is less than that of penicillin and, at least m siiihiUs, is not 
high enough to be of practical importance. 

RlCKETTblALES (G9) 

In the laboratorj’, streptomycin has been shown to have nckettsiostatic 
activity in vho against certain membeis of this order of organisms and none 
against other members In the Rickettsiae themselves, activity has been 
found against R moosen (70-72) (epidemic typhus), R. prou-azeki (70, 71) 
(endemic typhus), R. akan (71) (nekettsial pox), andi?. rickcilsii (71) (spotr 
tedfever) butnotagainsti?. orienUdta (70,71) (scrub typhus). Mostofthese 
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(B) (91) Sodium penidllin G 2,000 units 

Streptomycin 6,000 units 

Water to make 1 ml 

Dilute spcdmeo with 1 io 1 part of diluent. 

Although no activity has been obtained with streptomycin on animal 
viruses, activity against bacterial viruses has been demonstrated, thus indi- 
cating further the fundamental differences between the phages and the 
animal viruses. Jones (92) showed that streptomycin inactivated two 
E. coU phages and one for S. aureus when these bacterial viruses were 
present in bacterial-cell-free filtrates. In one case (93) the activity on the 
phage {E. coli phage PC) appeared to vary with thepreparation of strepto- 
mycin, suggesting that the activity might be due to an impurity. Cohen 
(94), however, obtained inactivation of a similar S. coli phage with crystal- 
line streptomycin. The discovery of strains of phage which act on strepto- 
mycin-producing strains of 5. griscus (95) indicate that streptomycin has 
low activity against some phages. 

Crvptococcus 

Since streptomycin exhibits only slight in vitro activity against the fungi, 
little attempt has been made to study its effect on experimental infections 
with fungi. Although in vitro titrations indicated slight anticryptococcal 
activity of streptomyciu. Beck and Muntz (96) found the antibiotic to 
e.xercisG some beneficial effect on experimental infections wth C. ncoformans 
(T, histolytica) in rats. Three daily doses containing a total of 3,000 units 
of the drug were administered for 3 weeks. After 10 weeks, 61 per cent of 
the treated and 33 per cent of the untreated animals had survived. Segrfi- 
tain and Drouhet (97) obtained no protection by treatment of infected mice 
with 5,000 units of streptomycin daily for 10 days. 

Protozoa 

The activity of streptomycin has been tested against plasmodia, trypan- 
osomes, and trichomonads, A limited degree of activity has been found 
against species of the first-named protozoan but none against the other two, 
and indeed streptomycin with or without penicillin is now recommended for 
use in isolation procedures to obtain protozoal cultures free from bacteria, 

Sceler ct al. (98) administered streptomycin to White Leghorn chicks or 
White Pekin ducklings intramuscularly every 3 hours for 3 to 5 days at doses 
ranging from 25,000 to 400,000 units/kg daily. The chicks liad been in- 
fected intravenously with P. gallinaceum and the Pekin ducklings intra- 
venously with P. caihemerium or P. lophurac. Streptomycin therapy nas 
begun 1 hour after infection. Streptomycin, even at a dose of 400,000 
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does have some effect on the disease itself by reason of activity against the 
secondary bacterial invaders. 

Group6, Winn, and Jungherr (81) recently described an etiologic agent in 
infectious sinusitis of turkeys which morphologically resembles members of 
the Chlamydozoaccae. Although the exact relationship of this agent re- 
mains to be determined, it is interesting to note that it has been shown to 
be susceptible to streptomycin. Thus, using a combined in vitro and in vivo, 
technic, GroupiS (82) demonstrated that G3 units of streptomycin per egg 
produced significant delay in the death of embrj’os receiving the virus-drug 
mixture as compared to the control group. If treatment was carried out by 
injecting streptomycin into the yolk sac 15 minutes before or 2 days after 
the infecting inoculum was given, 5,000 units per egg were required to pro- 
duce significant delay. 

ViRALES 

If the agents belonging to the Chlamydozoaccae arc excluded from the 
order Virales — and thero is good reason tocxclude them and to place them m 
the order Rickettsiales (69) — then it can be said emphatically that strepto- 
mycin has no activity in vitro or in vivo on any of the animal viruses (83, 84) 
on which it has been tested, from the poxes (85) (the largest) to the viruses 
of foot and mouth disease or poliomyelitis (the smallest). So free from any 
antiviral activity is streptomycin, that it may be used, preferably in combi- 
nation with other antibacterial substances such as penicillin and the sulfon- 
amides, to sterilize of bacteria materials from which it is hoped to isolate 
viruses. Among such materials aroskm, nasopharyngeal c.xudates (86, 87), 
pulmonary tissue and sputum (88), intestinal contents (89), and urine. It 
has also been employed to advantage as an antibacterial agent in the treat- 
ment of calf lymph used m the production of smallpox vaceme. Even 
against the Rickettsiales, streptomycin is apparently inactive in vitro in all 
cases in which it has been tested. It may, therefore, be used to sterilize 
similar materials for isolation of these agents, provided it is not used, m the 
case of those agents against which it is active in vivo, in concentrations such 
as to show activity when such mixtures are inoculated into the fertile egg or 
other experimental host. 

Several mixtures have been su^ested for antibacterial activity on body 
fluids or tissues, among which may be mentioned: 

(A) (00) Tyrotbnein 2 mg 

Sodium sulfadiasine 50 mg 

StreptomyciD hydrochloride 25,000 uoits 

Broth pH 7.6 to make 100 ml 

Dilute specimen with 1 in 4 or 9 parts of diluent. 
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days. Zintel (104) later tested the efficacy of streptomycin alone as com- 
pared ivith combined therapy. He also used dogs. Having ligated the 
the appendix and the blood supply to it, he opened this organ and smeared 
the peritoneum thoioughly with the appendiceal contents. Of his control 
group of dogs, only 6.6 per cent survived. When systemic streptomycin 
was used, the survival rate was 27 4 per cent. When local sulfanilamide, 
together with systemic sulfadiazine and penicillin, was used, the survival 
rate was 40 per cent. When streptomycin was added to the foregoing 
agents, the survival rate was 60 per cent, and when combined systemic 
streptomycin and penicillin were used, the survival rate was 70 per cent. 
In no cases did Zmtel (104) give any information as to the dosage schedule 
employed. Davis et al. (105) tested the effect of streptomycin in experi- 
mental strangulation of the bowel in mbbits The e.xperimental strangula- 
tion was produced by devascularization of approximately 7.5 cm of bowel. 
Ip a control group all rabbits were dead by the 19th day. In one group in 
which 80 rag of streptomycin was given subcutaneously in a single dose 
daily, starting immediately after operation and continuing for 25 days, 62.5 
per cent were dead in 19 days. In a third group of twelve animals receiving 
200 mg daily for 7 days and 100 mg daily for an additional 21 days, the 
total daily dose being divided into two subcutaneous doses and tieatmcnt 
starting immediately after operation, all animals survived for 2 months 
Five rabbits given 100 mg daily for 4 days prior to the experimental strangu- 
lation and then 100 mg daily for a subsequent 25 days survived. In all 
cases the rabbits weighed approximately 2 kg. Farris and Romack (106) 
tested the effect of both local and systemic therapy with streptomycin in 
experimental appendiceal and perforation obstruction m rabbits. In local 
treatment, 25,000 to 100,000 units were injected into the lumen of the li- 
gated appendix. For systemic treatment 25,000 units were given intra- 
muscularly every 6 hours for sixteen doses Local treatment protected all 
the rabbits, but in every case the appendix, though unruptured, had in- 
creased to five times the normal diameter and auto-appendectomy appeared 
to have occurred. All cultures were negative. In the group treated 
systemically, one rabbit died, as did all the untreated control group 

It 13 clear from the foregoing that streptomycin either alone or in com- 
bination mth other drugs, and particularly with penicillin, has a highly 
favorable effect m experimental peritonitis. 

Effect of Stueptomycin on Intestinvl Flora and on Nutrition of 
Aniaialu 

From both clinical and experimental studies it is clear that streptomycin 
given by mouth has a marked suppressive effect on the intestinal flora, as 
mdicatctl by e.xamination of the Wtcrial content of the feces. After oral 
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imits/kg daily, showed no suppressive activity against any of the three 
species. At a level of 400,000 units/kg daily, the partly purified strepto- 
mycin used in these experiments did have a slight effect on the sporozoite- 
induced P. gallinaccum infection in the chick. Tonkin (99) tested the 
activity of streptomycin against tissue cultures of the cxoerythrocytic phase 
of P. gallinacewn grooving in cxplants of chicken spleens. She found that 
streptomycin exerted some activity when used at a concentration of 500 
units/ml, which was not toxic for the cells in the tissue culture. A concen- 
tration of 200 units/ml was not effective. Bratton (100) was unable to 
demonstrate any action when he used continuous intravenous treatment 
with streptomycin over a period of 3 days at a dose of 330,000 unitsAs 
daily. In this case the test infection was P. lophurac in White Pekin ducks. 

As has already been indicated. Merchant and Soule (101) were unable to 
demonstrate any activity of streptomycin on the three trypanosomes 
— T. hrucci, T. equiperdum, and T. htppicuin — tested in mice or chicken 
eggs. The mice were given subcutaneously a total dose of 16,000 units of 
streptomycin, and the embryonated chicken's egg was given 40,000 units of 
streptomycin injected into the yolk sac. Quisno and Fotcr (102) found no 
effect of streptomycin at 25 umts/ml for 10 hours at 37*C on Trichomonas 
vaginalis. They reported that higher concentrations of streptomycin for 
a shorter period also had no effect on the protozoa but gav-e no further 
details. 


Experimext.u, Peritonitis 

Possession of sulfonamides and penicillin has given both the surgeon and 
the physician such excellent u capons against bacterial infections of the body 
cavities, particularly tlie peritoacum, that the mortality rate from peri- 
tonitis is no longer so high as it was formerly. Certain organisms, however, 
have proved liighly resistant to these drugs. Against such organisms 
streptomycin has proved to be of exceptional importance because so many 
of them belong to the group of gram-negative bacilli against which strepto- 
mycin is particularly active. 

hlurphy, Ravdin, and Zintel (103) were able to obtain a 30 per cent 
greater survival of dogs that had experimental pcntoiiitis when the animals 
were treated with streptomycin than when they were untreated. The 
streptomycin passed from the blood into the peritoneum in appreciable 
amounts even in normal dogs into whose peritoneal cavity 200 ml of physio- 
logic saline solution had been injected In the e.xperiment, peritonitis 
was produced by artificial perforation of the ligated appendix. Treatment 
was with 0.75 mg of streptomycin per pound per hour intramuscularly 
every 4 hours for 40 hours beginning 1 hour after operation. Subsequently, 
25 mg was administered every 4 hours for 2 days and every 8 hours for 3 
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Such administration of streptomycin, Arith or without sulfasuxidine, gave 
rise to marked reduction of coHfonns in the cecal contents. There was no 
evidence of biotin deficiency. 

Kane and Foley (110) showed tliat, in man, as little as 1 gm of strepto- 
mycin by mouth daily in two doses, or rectal lavage with 20 ml containing 
0.0005 gm/ml caused all viable E. coli to disappear from the feces. E. colt 
leappeaied within 1 daj' of cessation of treatment. Fecal streptococci, 
Clostridia, bacteroidcs, and Candida were unaffected. Dalton (111) e.\- 
amined the feces of children receiving treatment nith streptomycin. ^Vl- 
though in films a fair number of gram-negative bacilli could be demon- 
strated, in most cases none could be grown. In a few cases, however, a 
streptomycin-resistant culture of A. aerogenes did appear. 
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administration of streptomycin, some 95 to 98 per cent can be recovered in 
the feces (see chapter 14). Because of the increasing evidence that many 
animals are dependent for certain vitamins and other essential factors on 
the production of these factors hj bacterial fermentation in the intestines, 
it would be of interest and importance to determine uhat effect veiy pro- 
longed oral administration of streptomycin would have on the nutrition of 
the recipient. Unfortunately, there is no adequate systematic investiga- 
tion on this point at the present time. 

Smith and Robinson (107) fed streptomycin to CFW mice •weighing 
between 18 and 20 gm. The mice were divided into two groups, one of 
which received a concentration of 250 units of streptomycin per gram of 
food, and therefore ingested approximately 30,000 units/kg daily; and the 
other of which received 2,500 units of streptomycin per gram of food and 
ingested approximately 300,000 units/kg daily. Such oral administration 
was continued for 21 days. On the lower do^age regimen, the effect was 
particularly striking during the first 9 days, after which certain groups of 
organisms, but not tiio coUforms, began to reappear in llic stools despite the 
continued administration of the drug. Within 24 hours of first administra- 
tion of the dnig diet, the cohform count dropped from 330,000 to 330 per 
gram of feces and tlio count of nonlactose fermenters dropped from 
330,000,000 to 10,500. Streptomycin proved to be more active than 
streptothnein, sulfaguanidine, or sulfasuxidine. On the higher dosage 
regimen, all coliform and gram-negative organisms disappeared within 24 
hours, and the stools remained free from these organisms during the whole 
3-week period of treatment. Even after administration of streptomycin 
was stopped, it was 0 days before the feces showed a normal count of gram- 
negative organisms. Dunng the period of administration of streptomycin, 
only a few gram-positive sporeforming organisms were found in the feces. 
Usually, resist.ance to streptomycin did not develop in any organisms, the 
only exception to this being certain strains of S. marccsccns. As might be 
e.xpected, species most sensitive to streptomycin were eliminated first. 
Smith and Robinson (107) weie unable to demonstrate any evadeuce of 
vitamin deficiency, loss of weight, or other signs of toxicity in their mice. 
Later, Emerson and Smith (108) used weanling rats and mice and fed a diet 
containing 2,500 units of streptomycin per gram. The rats showed a re- 
duction of the cohform count and signs of biotin deficiency, which were 
entirely eliminated hy administration of biotin. The mice remained normal 
in all respects. Moore cl al. (109) fedstreptom 3 -cinalone, orincombination, 
to ^^^lite Leghorn cockerel chicks. Streptomj-cin was not toxic at 500 units 
per gram of diet. Singly, or in combination with sulfasuxidine, its admin- 
istration in the basal diet with supplemental folic acid led to increa^ 
growth, perhaps due to inhibition of bacteria utilizing certain vitamins. 
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Chapter 9 

STKEPTOMYCIN IN EXPERIIMENTAL 
TUBERCULOSIS 


The search for a specific chemical agent that could be used therapeutically 
against infections due to the tubercle bacillus has been long, and until 
recently, generally futile The advent of the sulfonamides and of peni- 
cillin, which usheied in aneweraof therapeutics for many infectious diseases, 
provided only additional disappointment so far as tubeiculosis was con- 
cerned. However, the fact that these agents weie highly effective in certain 
other bacterial infections was a factor in the renewal of intei est in the search 
for drugs having antituberculosis possibilities. 

The first reported evidence that infections due to the human type tubercle 
bacillus were vulnerable to the action of specific drugs appeared in 1940 (1). 
The successful drug was p,p^-diaminodlphenylsulfone-N,N -didextrose 
sulfonate (promin; fig 17).‘ This compound is a derivative of 4,4 -dia- 
minodiphenylsulfone, hich was first synthesized by Fromm, and Wittmann 
in 1908 (2) After a long series of experiments with promin and several 
other derivatives of 4, 4 -diaminodiphcnylsulfone, the maximal potency that 
can be expected from these compounds was finally established, and their 
shoitcomings as autituberculosis agents neie recognized. 

Under certain prescubed experimental conditions the more effective sul- 
fones aie capable of exerting a measuiabic and frequently a dramatic effect 
on the course of experimental tiil)crculosis of guinea pigs (3).* Unfortu- 
nately 4,4^-diaminodipheiiylsulfone and all of its derivatives effective 

’ I’lomin was syntlicMzetl in 1937 by E. W Tilhtson, at tliat time associated with 
tlio Re.scarch Laboratories of P.'irke, Davis & Company, Detroit, Michigan 

* Tile clTectivc sulfoncs that have been subjected to considerable study in experi- 
mental tulierculosis include “promin,” “diasone,” “promizole,” and “sulphetroiie.” 
Another synthetic organic compound that has proved definitely antagonistic for 
tuliorcle bacilli »n mo is |)-ammosalicylic acid. This substance was first described 
by Ix'hmaiin (4) in 191G Its value in clinical tuberculosis is now being determined 
by investigations in dilTcrcnt parts of the world 
133 
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therapy irrespective of the species of animal used. For obvious reasons 
the smaller laboratory animals such as guinea pigs and mice have gener- 
ally been utilized in experimental studies concerning the efficacy of strep- 
tomycin against tuberculous infections. Any of the larger species of 
animals that meet the conditions of pathogenicity desired should be ac- 
ceptable, however, for studies designed to explore the antituberculosis 
action of this antibiotic. 

Guinea pigs 

The ability of streptomycin to suppress infections due to tubercle bacilli 
was first demonstrated in guinea pigs (8). Although the streptomycin used 
was relatively impure, it was well tolerated in the dosage prescribed, and 
its capacity to suppress a potentially malignant infection w’as impressively 
demonstrated.® Previous experience with effective sulfones in experimental 
tuberculosis in guinea pigs provided a basis for comparative appraisal of 
the therapeutic potency of streptomycin. The effect of the antibiotic was 
definite and impressive and indicated clearly the desirability of extending 
the investigation sufficiently to establish, if possible, the exact status of 
streptomycin in combating experimental infections induced in guinea pigs 
by fully virulent mammalian tubercle bacilli. The complo.xities of theprob- 
lem were recognized and, while eventually certain important basic facts 
regarding streptomycin and its efficacy as an antituberculosis agent were 
elucidated, many additional problems remain. These pertain to (a) op- 
timal dosage of streptomycin; (b) frequency of administration for most 
satisfactory therapeutic results; (c) optimal duration of treatment; (d) the 
structural character of the tuberculous process and relationship of strep- 
tomycin therapy; (e) the precise role of the resistant or immune state of 
the host in the final assessment of therapeutic accomplishment; and (f) the 
exact manner by which the therapeutic action of streptomycin is achieved. 

The antituberculosis potential of streptomycin is easily demonstrated in 
tuberculous guinea pigs by following any of several methods of procedure. 
The third experiment reported by Feldman, Hinshaw, and Mann (9) illus- 
trates adequately the ability of strcptomj'cin to suppress a formidable tu- 
berculous infection without evidence of serious to.xicity. In this experiment 
the animals were inoculated with the human type of tubercle bacilli 
(H37Rv) 7 weeks before treatment with streptomycin was begun. Before 
treatment was started all the guinea pigs were found to be sensitive to a 
diagnostic dose of tuberculin, administered iatrivdermally. Twcnty-fivo 
animals ^^c^o treated with streptomycin; twenty-four were not treated. 
The daily amount of streptomycin was C mg divided into four equal doses 

• Tho strcplomyctQ used in tho first experiment to determino its possible efficacy 
in experimental tuberculosis as obtained In April 194J, through tho kindness of Dr. 
S. A. Waksman. 
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against the tubercle bacillus, in vivo, have hemotoxic potentialities. This 
toxic possibility coupled with the fact that, for human beings, the anti- 
tuberculosis potential of these drugs in the doses tolerated is of a relatively 
low order, definitely circumscribed the usefulness of the sulfone group of 
compounds in treating clinical tuberculosis.* 

That an antibiotic substance effective against tuberculous infections 
would eventually become a reality has licen suggested by many observa- 
tions reported during the GO or more years that antedated the discoverj’ of 
streptomycin. Chemical substances of microbial origin capable of inhibit- 
ing the growth of tubercle bacilli in vitro are, as a matter of fact, relatively 
numerous and of rather common occurrence. At present between 40 
and 50 such substances have been described, and everj’ year sees the ap- 
pearance in the literature of a few to several new ones.* Few of the anti- 
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I'lc 17. Structural formulas uf 4,4'-diainJnodipiien>l8uIfDnc and p,p'-diamino- 
diplionylsulfone-N.N' didextrose sulfonate (pronun) 


bacterial substances derived from microbes that perform so dramatically 
m vitro have proved of value, lionever, «hen used to combat a tuberculous 
infection. 

Of the few antibiotics that have exhibited at least some antituberculosis 
potency, streptomycin is, up to the present time, by far the most effective 
and the least toxic. 


Studies os Antitubercdlosis Action 

So far as is kno^ra, cxpenmental tuberculous infections produced by 
human or by bovine strains of Jlf. tuberculosis will respond to streptomycin 

* It is of interest to Icoh’ tfeat the therapeutic value of certain sulfones in the 
treatmeut of leprosy is w idely accepted, the possible value of these sulfones in clinical 
tuberculosis when used in combmation with streptomj cin is now being explored. 

* The literature pertaining to antibioUc agents jn tuberculosis has been reviewed 
hv Feldman (5), by Hart (6), andby Waksman (7). 
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called that before treatment, all of the animals were positive to a diagnostic 
dose of tuberculin. A second tuberculin test for sensitivity was made at 

CONTROLS 



TREATED AFTER 49 DAYS 



Fio. 19. Schematic representatton of amount of tuberculosis noted at time of 


the cml of tlie period of medication and nine (30 per cent) of the twenty- 
three animals that had fcur\’ivcd the period of obMjrvatioii were negative to 
the second lest. I'urthemioro, in seven of Ujo nine animals in Inch a neg- 





136 


ANTinACTERIAL AND PHAIUIACOLOGIC 


and administered subcutaneously every 6 hours. Treatment was continued 
for 166 consecutive days, and the experiment was terminated 215 days after 
the animals had been inoculated with tubercle bacilli. 

The results of this experiment are illustrated in figures 18 and 19. 

The striking difference in the survival rate of the treated and imtreated 
animals is apparent in figure 18. During the period of observation, approx- 
imately 70 per cent of the control or untreated animals died while only two 
(8 per cent) of the treated animals died. 


All cinirrKils inoctdatcd 
with M. tuberculosis 


i 50^ 


I Tpcatment with 
streptomycin started 


^ so 

v°\ 

■S 30^ 


10 h 



*Sur»vivinO animals 
killed on day 


-Untreated controls (Sfl animals) 
-Treated with streptomycin (SS animals) 


a 4 6 o 10 la 14 16 IS ao aa a 4 26 aa 30 
Duration of infection in weeks 

Fig. 18. Comparative mortality rates of tuberculous animals treated with strep* 
tomyciu and of untreated controls (9). 


The antituberculous effect of the treatment was clearly apparent (fig. 19). 
The severe, ividely disseminated tuberculosis among the controls is in dra- 
matic contrast to the small amount of disease indicated among the animals 
that received streptomycin. When the tissues of the animals that were 
treated were examined mieroscopicaUy, 52 per cent of the guinea pigs uero 
devoid of tuberculous lesions and the disease among the other 48 per cent 
was regressive in character with definite signs of healing or arrest. 

In addition to the conspicuous morphologic signs of successful treatment, 
this experiment yielded other and significant evidence of the antagonistic 
egeot ot streptomycin against the infective microorganism. It iviU bo re- 
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lethal course of the infection have been very few. When dealing with a 
tuberculous infection established by intravenous inoculation, the difficulties 
confronting any known or hypothetical therapeutic substance are profound 
indeed. A more intractable situation m the realm of chemotherapy of ex~ 
periraental tuberculosis is difficult to imagine. 

That streptomycin, in spite of a tremendous handicap, did e.xei t a highly 
favorable influence in the experiment just recounted provides impressive 



Group 1 Group Z Group 3 

Controls Treated at Treated after 


once fop 4 daus for 

60 days 215 days 

Fia 120. llelativo survival time of three groujjg of guinea pigB inoculated intra- 
vcnouslv w ith I mg, moist weight, of tubercle bacilli, strain H37Rv 

t-viilcnco of the exceptionally liigli polcncy of this substance as an anti- 
tuberculous agent.® 

Another example of the high potency of streptomycin in experimental 
tuberculosis is supplied by a leport of Steenken and Wolinsky (11), who 
treated animals picviously inoculated mtraccrebrally. ThcbC workera in- 
fected guinea pigs by introducing tiibciclc bacilli (strain IIS/Rv) directly 

' III anoihcr pNponment (10) in which guinea pigs were inocuLitcd intruvenou-vK 
with tulHTcIclMcilli and in which treatment with streptomycin was delated until tlic 
dr.ith weniucd (U ilajsl, udmlnintration of strcptoinycin proved incITcctup 
cntl> the severity and luoineiitmu of the di.sea.se attained after 11 d.ivs of infec- 
IIOJJ constituted a situation Out n,ut icreitressthlc. 
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ative reaction to tuberculin -was recorded, no residual virulent tubercle 
bacilli could be demonstrated in the spleens by sublnoculation into normal 
guinea piga. 

This reversal o! a previously po^tivc to a negative sensitivity to tuber- 
culin in a considerable number of infected animals as a consequence of treat- 
ment nitb streptomycin is indeed unusual. The observation provides at 
least some presumptive evidence in support of the belief that streptomycin 
under favorable conditions docs eliminate at least some of the infective 
bacteria. Generally speaking, hon-ever, the effectiveness of streptomycin 
in vivo is due to its bacteriostatic rather than to its bactericidal capacities. 

From the evidence obtained from the experiment just recounted, several 
conclusions appear to be justified. The more important of these can be 
summarized briefly as follows: 1. Streptomycin, under the conditions im- 
posed, was capable of resolving or suppressing potentially lethal experi- 
mental tuberculosis established several weeks before treatment was started. 
Thus was demonstrated the therapeutic rather than the prophylactic po- 
tency oi this antibiotic. 2. IWh'Ic the anatomic evidence of antagonisfic 
action was undeniable, the major effect on the tubercle bacilli was bacterio- 
static rather than bactericidal. 3. The dramatic ability of streptomycin 
to reverse the potentially malignant course of tuberculosis inoculated into 
guinea pigs and the absence of signs of serious toxicity even after medica- 
tion for 166 consecutive daj-s, provided satisfying evidence to justify limited 
trials of this drug in cases of clinical tuberculosis 

The conditions in the experiment just desenbed were mode intentionally 
severe. Unless an antituberculous substance can perfoim satisfactorily 
under experimental conditions that arc crucial, optimistic expectations for 
its possible clinical usefulness should not be entertained. 

One additional experiment in which the suppressive action of streptomy'cin 
in experimental tuberculosis was vividly demonstrated may be referred to 
briefly (10). Guinea pigs were infected intravenously' with 1.0 mg, moist 
weight, of human type tubercle bacilli. That the infection was exceedingly 
virulent was revealed by the fact that the first of the twelve untreated ani- 
mals died n days after being inoculated; the last of the untreated controls 
died on the 27th day. In contrast to the relatively short survival time of 
the untreated animals was the survival time of those that received strep- 
tomycin. .ils shown in figure 20, most of these lived many months after 
being infected, the last animal dying 341 days after inoculation. 

J|The significance of this experiment is worthy of brief comment. In- 
trinsically, the tubercle bacillus and the disease it produces have provided 
an exceedingly formidabfe problem for the successful attack by chemical 
substances. Even under the most favorable e.\perimental conditions, ^b- 
stances that have exerted even a linuted favorable effect on the potentially 
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effect of streptomycin among tlie vaccinated animals was superior to the 
effect obtained among the nonvaccinated animals that \\ere treated. It 
was also observed in most of the animals tliat ^\erc treated that viable, 
virulent tubercle bacilli were still present after the period of therapy. 

From the results obtained in the many experiments with tuberculous 
guinea pigs a mass of evidence has accumulated attesting to the ability of 
streptomycin to exert profound and favorable modifications on a disease 
process that is among the most difficult of the bacterial infections to sup- 
press. The results are reproducible; the facts aie convincing, and justify 
the conclusion that in the experimentally infected tuberculous guinea pig, 
the effectiveness of streptomycin is unequivocal. It must, houever, be 
borne in mind that tlie ability of streptomycin in vivo to loll tubercle bacilli 
is definitely circumscribed. Its action in modifying the progress of a tu- 
berculous infection is indirect and related in some obscure manner to inter- 
ference with the normal pathogenesis of the infective bacteria.^ 

Mice 

The use of mice in experimental chemotherapy of tuberculosis has, unti^ 
recently, received but sporadic attention.* 

That selected laboratory strains of mice arc suitable animals for the in- 
vestigation of certain phases of tubcrculochcmotherapy has been well es- 
tablished by the extensive work of Youmans and his collaborators (19-22). 
Although mice have many desirable attributes for work of this type, the 
mouse, like all other laboratory animals utilized in the production of ex- 
pcnmental tuberculosis, has limitations and shortcomings. These should 
bo recognized when the so-called mouse test is chosen as the procedure of 
choice in searching for new drugs as antitubcrculosis agents.® 

The first report of the ability of streptomycin to suppress a tuberculous 
infection in experimentally infected mice was by Youmans and McCarter 
(19). Two experiments \\cre run. 

In one of the experiments, tlurty wliite Swiss mice were inoculated in- 

’ Rockwell (13) reported tlwit strcptom>’cm was incffectivo iu experimental tuber* 
culuais in guinea pigs and rabbits. Tlie daily dose of 5trcptom>cin was 14 nig 
per kilognun. The animals were treated for only tlurty-onc dajs After treatment 
was discontinued, the animals ovciitually died and there was present tuberculosis 
cqu.al m amount to that observed in the untreated controls. Rockwell concluiled 
that strcptoinjcin was inelTcclivp in tuberculosis and that in tuberculosis a drug to 
bo ciTectuc must be b.'ictericidal in action 

• Iniportant contributions to the know ledge of the pathogenesis of tuberculosis for 
nucc ha\c been made recently bj- Pierce, Dubos and Middicbrook (11); R.aloigli and 
\<)um.'in3 (Ij), Younuins .ind R.iIctgU (16); Swedberg (17); and by Martin (IS) 

• I’lurnucologic studies of mice after .idministration of Btrcptomjcin have l>ecn 
reported by Rake and Donovick (23) 
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into tlie cerebrum. Half of (he infected animals U'cre treated uith strep- 
tomj'cjn starting on the day of inoculation; the remaining animals were 
untreated controls. With the exception of one untreated animal that suc- 
cumbed on the 92nd day after infection, all of the untreated controls were 
dead on the 22nd day after being inoculated. 

With the exception of two guinea pigs that died early of intercurrent 
disease, the animals that rcceivcti streptomycin lived for rather prolonged 
periods. It was observed, however, that duration of life was definitely 
related to the duration of treatment. Animals treated for onlyoS daj-s 
had a mean sunfival time of approvimatelj' 117 days; those that were 
treated continuously were still living at the time the work was reported 
(173 days after being iiifccted). , 

In guinea pigs intracerebral inoculation, like intravenous inoculation, 
produces a most formidable experimental tuberculosis. Regardless of the 
unusual obstacle provided by the e.xperimcntal procedure, results of Steen* 
ken and Wolinsky’s study indicate that streptomycin was highly effective 
in suppressing the pathogenesis of the infection and in delaying the lethal 
outcome of the disease. That the drug is clTcctivo in e.vperimcntal tuber- 
culous infection of the central ncr\'ous system is particularly significant. 

Experimental streptomycin tlierapy is also impressively effective in 
guinea pigs inoculated intraperitoncally with relatively large amounts of 
tubercle bacilli. The intraperitoncal method of inoculation results in a 
tuberculous infection only slightly less formidable than that whicli follows 
the intravenous or infraccrebml procedures. In addition to the invohe- 
ment of the peritoneal surfaces, severe and widespread dissemination of the 
infection to the lungs, liver, and spleen is virtually inevitable. Even such 
a potentially disastrous situation can be favorably and at times dramatically 
modified by administration of streptomycin 

Steenken and Wolinksy (12) ini'cstigatcd the influence which antituber- 
culosis vaccination might have on the suppressive potential of streptomycin 
in experimental tuberculosis of guinea pigs A'accinated animals, and for 
comparison, animals that had not boon vaccinated were inoculated mth 
tubercle bacilli (strain H37Rv) 49 daj-s before treatment with streptomj'cin 
was started. The daily amount of .<>treptomycin per animal was 24 mg 
divided into si\ equal do^es, 4 hours apart The duration of treatment 
varied from 40 to 125 days The results showed that, of the control or un- 
ticated animals, all lud dieil between the (>9fh and the 140th day, wheicas 
all aiiimalb that had u-cened tieatment were hvmg when the e.vperinient 
was brought to a close 175 davs after the animals had been infected. On 
the basis of llie amount of tuberculosis obsen’cd in the treated and in the 
untreated animals, the therapeutic abihty of streptomycin was definitelj' 
apparent. Of great interest and significance was the obseiwation that tlic 
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effect of streptomycin among the vaccinated animals was superior to the 
effect obtained among the nonvaccinated animals that were treated. It 
was also observed in most of the animals that were treated that viable, 
virulent tubercle bacilli were still present after the period of therapy. 

From the results obtained in the many experiments with tuberculous 
guinea pigs a mass of evidence has accumulated attesting to the ability of 
streptomycin to exert profound and favorable modifications on a disease 
process that is among the most difficult of the bacterial infections to sup- 
press. The results are reproducible; the facts are convincing, and justify 
the conclusion that in the experimentally infected tuberculous guinea pig, 
the effectiveness of streptomycin is unequivocal. It must, however, be 
borne in mind that the ability of streptomycin in vivo to kill tubercle bacilli 
is definitely circumscribed. Its action in modifying the progress of a tu- 
berculous infection is induect and related in some obscuio manner to inter- 
ference wth the normal pathogenesis of the infective bacteria.^ 

Mice 

The use of mice in experimental chemotherapy of tuberculosis has, unti^ 
recently, received but sporadic attention.* 

That selected laboratory strains of mice arc suitable animals for the in- 
vestigation of certain phases of tubcrculochcmotherapy has been well es- 
tablished by the extensive work of Youmans and his collaborators (19-22). 
Although mice have many desirable attributes for work of this type, the 
mouse, like all other laboratory animals utilized in the production of ex- 
perimental tuberculosis, has limitations and shortcomings. These should 
be recognized when the so-called mouse test is chosen as the procedure of 
choice in searching for new drugs as antitubcrculosis agents.* 

I'lie first report of the ability of streptomycin to suppress a tuberculous 
infection in experimentally infected mice was by Youmans and McCarter 
(19). Two experiments >\cre run. 

In one of the e.\perimeuts, thirty white Swiss mice ^\ere inoculated in- 

’ Rockwell (13) reported that streptomyciD was inclTective m experimental tuber- 
culoais in guinea pigs and rabbits. The daily dose of streptomjem was H mg 
per kilogr.im. The animals were treated for onl^* tliirty-ono da^s. After treatment 
w.is discontinued, tlic animals cxenlually died and tliere was present tuberculosis 
equal in amount to that observed in the untreated controls. Rockwell concluded 
that streptomjem w.is inclTcctivc in tuberculosis and that in tuberculosis a drug to 
Iw cffectno must be bactericidal in action. 

• Important contributions to the know ledge of the pathogenesis of tuberculosis for 
mice ba\c l>cen made recently by Pierco, Dubos and Middlcbrook (H); Raleigh and 
\uuni.iiis (lo), Youmans and Raleigh (1C); Swedberg (17); and by M-artm (IS). 

' I’harm-icologic studies of mice after administrition of strcptomjcin ha\c been 
reported by Rake and Donovick (23). 
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tmvfiioubly uith 0.1 ing of buinuii type tubercle bacilli, strain H37Rv. 
The infected animals \\cre divulMl into two groups. Twenty-four hours 
after the animals had been inoculated, treatment of one group with strep- 
tomycin was begun; the amount of streptomycin given daily was 0.3 mg 
divided into four equal doses and injected subcutaneouslj’ at G-hour inter- 
vals. The c.\periment was terminated after 28 days and the sui^'hing 



FtG. 21 Lun(;9 from tu o Rruups uf mice, both of w hich had been inoculated intra- 
venously with 0 1 ini; of strcptomycin-sensilivc tubercle bacilli. The two bottom 
rows are from untreated controls, the upper two rows are from mice which received 
3 mg of streptomycin subcutaneously dailv (20) 

animals were killed for necropsy Although some evidence was observed 
that streptomycin had exerted a favorable effect, the magnitude of the 
antagonistic action was not impressive The differences that were noted 
between the treated animals and the untreated controls consisted of a slight 
prolongation of the mean survival time of the group that received strepto- 
mycin, over the mean survival time of the controls, and of a slightly greater 
extent of lesions and loss of weight in the untreated tlian in the treated 
group These differences, however, were not considered significant, and 
the experiment was repeated 
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In the second experiment the piocedmc was es&entially tlie same iia tliat 
followed in the first expeiimcnt except for the size of the daily do&e of strep- 
tomycin. The amount of stieptomycin administered each 24 hours was 
3.0 mg, or ten times the amount given in the pievious cxpciiment. At the 
end of 28 days, when the experiment was teiminated, the results indicated 
definitely that btrcptom 3 ’cin had modified the infective piocess to a maiked 
degree. There was a marked dissimilarity in the mortalitj' rate of the two 
groups. Almost all the untieated contiols had died, whereas of the gioup 



Fig. 22. Luiik of uiilrc.ilpd tuberculous mouse inocuIatcU intravenously witli O.l 
niK of tubercle bacilli, Imm-an type (X75). (Courtesy of Dr Guy P Yuumans.) 


tliat was treated only two of fifteen had died. Of more significance than 
the ililTerencc in the survival rate of the treated and untreated groujis of 
mice was the clifTcrcncc in the amount of tuberculosis present in the two 
groups. In the controls tuberculous changes occupied 39 per cent, on the 
average, of the lung Mibstancc (fig. 21). Among the animals in the treated 
group, no lesions were demonstrable gros.sly, although mieroseojne lesions 
Were pre^ent. .\cid-fa.st bacilli present in the lesions c.xamincd microscop- 
ically were fewer in the treated tlian in llic control group. 
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Confirming the results just recounted, Yomnans and Raleigh (16) re- 
ported two additional experiments on tlie eiTecfc of streptomycin in tuber- 
culous infections in mice. The results sliow that in tbo treated animals 
the infection was effectively suppressed. Further evidences of antagomstic 
action of streptomycin in the development of tuberculosis of mice were 
supplied in data icported by Levadui and Vaisman {QA, 25) and by Levaditi, 
Vaisman, and Levj* (26) . 

The data levieuod supply impressive evidence that (a) by intravenous 


Fio 23 Lungof atuberculousmouae treated vMtbstreptomjcm (X75) Compare 
nith figure 22 (Courtesy of Dr GuyP Youmans.) 

inoculation, virulent mammalian tubercle bacilli aie highly infective for 
mice, showing a marked and characteristic piedilection for the lungs, and 
(b) the pathogenesis of tuberculosis m mice induced by tubercle bacilli, 
human type, can be suppressed to a sinking degree by administration of 
daily doses of streptomycin m adequate amounts (figs. 21, 22 and 23). 

Albtno rats 

The albino rat is generally considered to be highly resistant to experi- 
mental infection with tubercle bacilb. However, by intraperitoneal or 
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intravenous inoculation of virulent tubercle bacilli of human or of bovine 
type a definite and characteristic tuberculous infection can be established. 
The effect of streptomycin on such an infection was reported by Smith, 
i^IcCIosky, and Emmart (27). A group of twelve albino rats were each 
inoculated intraperitoncally wth 5 mg of human type tubercle bacilli. 
Treatment \rith streptomycin was begun on the day the animals were inoc- 
ulated and continued once daily for 35 days. The daily dose of strepto- 
mycin was 50 mg/kg. A similar group of untreated controls weie also ob- 
served. Starting on the 28th day after infection, animals in both groups 
were killed at intervals of 1 to 4 days. The last animal in each group was 
killed 53 days after inoculation. Portions of the lungs of each animal \\ ere 
used for preparing cultures for tubercle bacilli and for the inoculation of 
guinea pigs. Smears from various tissues were stained appropriately and 
examined for acid-fast bacilli. The results, though not striking, did indi- 
cate that streptomycin had exerted a favorable influence of slight degree on 
the course of the infection.*® 

Doses and Frequency op Administration 

In treating experimental tuberculosis there has been considerable di\er- 
sity of opinion concerning the size of the optimal daily dose. Likewise, 
the frequency of administration of the drug has been subject to wide 
variation. 

The Icnown antibiotic substances arc e.xcreted relatively rapidly from the 
body. This fact has made it necessary to administer these substances at 
frequent intervals if the maintenance of concentrations in the blood of 
amounts considered adequate for therapeutic results is to be ensured. The 
presumed necessity for maintaining so-called adequate blood levels in ther- 
apy with antibiotic substances is by no means established, however, and 
the practice of administering such drugs every few hours is based largely 
on empirical grounds. Certainly in the case of tuberculosis, the necessity 
of the maintenance of appreciable concentration in the blood to insure ther- 
apeutic efTectiveiiess may well be questioned. Evidence in support of this 
was obtained from an experiment published previously (28). 

In the experiment referretl to, four groups of guinea pigs, inoculated 23 
days previously nith 0.1 nig of hum.an type tubercle bacilli (II37Rv), were 
used to detennine the clTccts of difTcrent dosage legiinens of strcpfomycin. 
The toliil .amount of streptomycin administcied was the same for e.ieh am- 

riiisoNiKjriincnt, which w only i>artly recounted in this review, is nf cini>>idcr.iblc 
iiilero.st ln’causo of the results obtained in another group of infected r.als treated with 
strc|iiom>cin and promiii. Though treatment with jiromin .done failed to exert a 
MgiuhcanlHuppre-ssion of the infection, the combined use of streptomycin and promiri 
W.W roporlcd ns favorably modifying the disease. 
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mal that lived for the duration of the experiment. In tliree of the groups 
the daily dose of the drug was 8 mg. The dose schedule for these groups 
was as follows: one group icceived the daily do»e in a single injection, in 
another group the daily amount was given in two equal doses, 12 hours 
aparti in the third group the dnig w'as given four times dail}’ at 6-hour 
intervals. In the fourth group the daily dose was doubled, a fourtli of the 
dose being administered every C hours, but the animals were treated only 
alternate weeks. The period during which the animals were treated was 
60 days. 

The results of this experiment indicated definitely that frequent admin- 
istration of streptomycin during e.ach 24 hours is not essential to successful 
therapeutic icsults. Suppression of the di^^ea^e in all groups was quite 
eomparablc whether the drug was given every' C hours or once every 24 
hours. In all groups the suppression of the disease was striking and con- 
sistent. Most impressive was the cfTcctivoness of treatment in the group 
of animals that were treated only every' other week. 

As a consequence of the results obtained in the e.vpenment just men- 
tioned, we routinely administer the daily dose of streptomycin in one single 
injection. The results have been entirely satisfactory. 

Corper and Cohn (29) have also reported on the influence of the frequency 
of admimstration on the ability of streptomycin to suppress the progression 
of experimental tuberculosis m guinea pigs. The infection was induced by 
inoculating the animals intravenously 'rith 1 mg of a virulent strain of 
tubercle bacilli, human tjqic AlthougU the c.xperiments reported by Cor- 
per and Cohn differed in several important respects from the exjjeriment 
referred to previously (28), there was essential agreement regarding the 
basic question of whether sticptomycin must be administered at ficquent 
intervals to exert elTecth'c action. It was believed that in treatment with 
streptomycin "there is a threshold of remote sustained action” and that 
the effectiveness of streptomycin is not appreciably diminished if the drug 
is administered infrequently. However, the length of the period of treat- 
ment with streptomycm and the phase of the infective process present when 
treatment is started arc important factors that influence the ultimate ther- 
apeutic results (30). To be effective, treatment wJiich starts immediately 
after the animals are inoculated with tubercle bacilli must be continued for 
6 to 8 weeks. A shortci period of therapy — 10 days — during the earlier 
phase of the infection has little deterrent effect on the disease (31). It has 
been our observation that when treatment of tuberculosis induced subcu- 
taneously in guinea pigs is delayed for 21 days after the animals aie inocu- 
lated, appreciable signs of suppression of the disease may be observetl after 
the animals have received the drug for only 3 weeks. These facts should 
be borne in mind when considering tn ri'ro experiments with streptomycin 
and tubercle bacilli. 



EXrnnIMENTAL TUBERCULOSIS 


147 


The diiily dobe of stieptomycin used in combating oxpeiimental tuber- 
culosis in guinea pigs has varied widely. In our work we liave used G mg 
for animals witli an aveiage weight of 500 gm at the time treatment started. 
Other workers have used daily doses of 5 mg (32), 10 mg (31), II mg (33),^'- 
24 mg (12), and 25 mg (2Q). 

In an attempt to determine the subeffective dose of stieptomycin in ex- 
perimental tuberculosis of guinea pigs, we conducted a series of experiments 
m which the daily dose varied over a wide range (34). The therapeutic 
effects of daily doses of 0.1, 0.5, 2, 4, 6, and 20 mg were obseiTed in guinea 
pigs weighing 500 to 600 gmeach. The antitubeiculosis effects of 20, 6, and 
4 mg were of cciual magnitude. Each of these dose legimens was suffi- 
ciently effective to bring about a striking suppression of the infection. A 
daily dose of 2 mg, however, resulted in only partial retardation of the dis- 
ease, and the results Avith the lowest doses — 0.5 and 0.1 mg — were markedly 
inferior. Although exceptionally small doses of streptomycin arc ineffec- 
tual m bringing about appreciable modification of an induced tuberculous 
infection, it does not follow that tlic antituberculosis efficacy of the drug 
IS directly proportional to the amount of the daily dose. There apparently 
exists m tuberculous infections a situation which limits the antagonistic 
action of streptomycin beyond that which may be cxpcctetl from the min- 
imal effective dose. 

In mice inoculated intravenously with human typo tubercle bacilli, an 
effective daily dose of stieptomycin was determined by Youmans and 
McCarter (19) to be 3 0 mg -V daily dose of 0.3 mg per mouse wasfound 
to be inadequate In tubciculous rats Smith, McClosky, and Emmart (27) 
gave rather large doses of streptomycin (50 mg/kg), Avhich w ero apparently 
well tolerated. 

Tuhekculous Infection of Developing Chick Emdiiyo 
Emmart (35) reported on the tuhcrculoslutic action of stieptomycin in 
the development of tubercles on the inoculated chorio-alliuitois of chick 
embrj’os. Several c.spcrnnents wcie peiformod, and the antagonistic action 
of tlic stieptomycin was dcmonstiattii by the sue and number of the tu- 
berculous foci in the treated malcrials compared to the c.xicnt of involve- 
ment of the untreatcil tissues. 

I’sing a pr<H'edun‘ diffeicnt from that folloucnl by Emmart (35), Lee and 
Stavitsky (36) dcmonstiatod the suppressive action of streptomycin on 
chick embrj-os inoculated intravenously with human typo tubercle bacilli. 
I lie infeetod embryos were esposeil to streptomycin liy placing the anti- 

” lit llic p.tjtcr reforreti to, tho dc»aRe was 4U mg/kR AHsuniinR that the guinea 
jiiRs iLivil wcjkIicJ aiiiiruxini'itcly 270 gm each, 11 0 mg would In* the daily .imouiit of 
atrepKjiiijciu administered 
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biotic in solution on the allantoic membrane. The experiment was termi- 
nated on the 20th day after inoculation, and the livers of untreated controls 
and of the embryos that received streptomycin were e.xamined histologi- 
cally. An average of ten Ic^ioms per section was recorded for the untreated 
group, whcieas, with one exception, no legions were found in tlie livers from 
the embryos that had leceiveil stieptomj'cin. 

The method follow etl by Lee and Stavit‘*ky appears to offer impressive 
po'-sibilities for “screening” new compounds for the detection of possible 
antituberculosis potential. 

STKEPTOMYCIX-REblbTANT TUBERCLE BXCILLI 

The clinical implications of diug lesistance wiiicli a pathogenic micro- 
oigamsm may c.\hibit tn vitro aie obvious. When it was learned that tu- 
bcicle bacilli may become resistant to streptomycin as determined by in 
vtiro methods, it liocame neccssaiy to leani whether they were capable of 
producing progressive tuberculous disease in experimental animals and 
whether such infections weie rcfractorj’ to stre])tomycin therapy or other 
chemotherapeutic agents. It was also of considerable inteiest as well as 
practical importance to leain whether the characteristic of streptomycin 
resistance was permanent or whether it was altered by animal passage, 
frequent subculture, or prolonged storage. 

The regular occurrence of streptomycin-resistant tubeicle bacilli in a cer- 
tain poicentage of patients being treated with this antibiotic is now a well- 
known phenomenon aiui has been the subject of many papers since You- 
inans ct al (37) fiist reported its occurrence in the early clinical tnals of 
the drug In expcnmental tuberculosis, however, there have been few re- 
ports on the occuirence of streptomycin-icsistant tubercle liacilli from 
tic.ited animals 


InctJdice m gumca pigs and mice 

Steenken (38) has leporled that streptomycin-iesistant tubercle bacilli 
occur less frequently in treated guinea pigs than in human patients. In his 
experiments no resi'-tant forms could Ihj recovered from guinea pigs even 
after 125 days of tieatmcnt Our data also indicate that, in guinea pigs, 
strcptomycm-resistant stiams aie not found in so gieat a percentage of 
cases as in human patients In guinea pigs they appear only after pro- 
longed treatment. 

We have examined cultures from 103 guinea pigs infected with strepto- 
mycin-sensitive tubercle bacilli and treated with 6 mg of streptomycin 
daily Only eight cultures have been found to be resistant. Of these three 
were from animals treated 144daj'sand five wcic from animals treated 215 
days Resistant strains could not be found m cultures from six^ty-one 
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per milliliter of medium. In this cxi>cnmcnt six animals ^\cre infected in- 
travenously with a sensitive strain, and treatment with 6 mg of strepto- 
mycin daily was started in 4 days (fig. 20). Treatment uas discontinued 
after 215 days. One animal had die<i on the 20Cth day of therapy. All 
the other treated animals eventually died after treatment was discontin- 
xied. The first one died 30 days after discontinuance of treatment, and 
the last one died in 12() days. Positive cultures uere obtained in five of 
the six, and each cultuie was lesiatant. 

Youmans ct al. (40) recently reported that icsistant strains may he re- 
covered from mice inoculated with sensitive strains and treated for pro- 
longed periods. In a gioup of nineteen mice treated ndth 1.5 mg of strep- 
tomycin daily for an average of 131 days, seventeen (89 per cent) had 
icsistant strains. A second group of twenty infected mice were treated 
daily wdtli 0.75 mg of streptomycin for an average of 73 days. Resist- 
ant strains wore recovered from thirteen (05 per eent). Other groups 
tieated for shorter perio<.ls with smaller doses of the drug had a much lower 
percentage of animals with resistant strains. Lciiert and Hobby (41) 
have also reported the finding of resistant as w cll as streptomycin-depend- 
ent strains in treated mice. 

Permanence of rcsi$lQ7icc 

Although the era of streptomycin therapy lias not been long enough to 
make it possible to examine streptomycin-resistant cultures more than 2 
or 3 ycais old, we do have evidence that, m the case of tubercle bacilli, 
icsistancc is a permanent characteristic and that it is not alteied by ani- 
mal passage, lopeated subcultuie, or storage. 

Middlcbrook and Yogian (42) found that a culture of human type tu- 
bercle bacillus (II37Rv) which was leiidcred resistant to 1,000 A^g of strep- 
tomycin per milliliter of medium by glowing it in the presence of the dnig 
letained its resistance foi at least 4 months after being subcuUured many 
times Youmans and WiUiston (20) reported that cultures isolated from 
mice infected W’lth streptomycin-resistant tubercle bacilli were as icsi&t- 
ant as the ongmal cultuic. 

Wc have icported (43) that streptomycin-resistant tubercle bacilli m 
sputum, urine, or gastric washings wnll still be resistant when isolated from 
guinea pigs 8 to 10 weeks after injection with these materials We liave 
extended these observations and have found that m each of forty-two in- 
stances in which such tests wcie made the eultuies isolated fiom guinea 
pigs inoculated with sputum or other material from tieated patients were 
‘VS resistant as the cultuics m.ide directly from a portion of the same ma- 
tenal In addition \\c have eiuwmnetl cultuics from eighty-three guinea 

ic- inoculated with resistant strains and have found each to be as resi&t- 
Lt as the culture used for inoculation. 
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Streptomycin-resistant cultures retain their ability to grow in the pres- 
ence of high concentrations of streptomycin after repeated subculture as 
well as storage for many months on c^-yolk-agar medium. Seventeen 
resistant cultures on egg-yolk agar were stored in the refrigerator for 16 
months. Only seven were found to be viable at the end of that period. 
Each of these was as resistant to streptomycin as ^Yhen stored. Wc have 
four cultures that have retained their resistance for 3 years and twenty-two 
that are 2 years old, during wliieh time they were subcultured on strepto- 
mycin-frec medium about every 3 months. The permanence of strepto- 
mycin resistance lends support to the belief that the characteristic is a 
genetic mutation instead of an adaptation.^* 

Virulence of streplomycin-resistant tubercle bacilli 
A review of the work done by others and of our own experience shows 
that streptomycin-resistant tubercle bacilli are capable of producing in 
mice and guinea pigs a progressive tuberculous disease. The culture of 
the human strain (H37liv) which Middicbrook and Yegian (42) found 
to bo resistant to streptomycin after exposure to tlio antibiotic in vitro 
was able to produce in guinea pigs as extensive disease as the sensitive 
parent strain. Youmans and WiUiston (20) infected groups of mice in- 
travenously with streptomycin-sensitive and streptomycin-resistant cul- 
tures respectively and concluded that they were equally virulent for these 
animals. 

Feldman cl al. (39) infected one group of ten guinea pigs with a strain 
of tubcicle bacilli sensitive to less than 1.0 /ig of streptomycin per milliliter 
of medium and a similar group with a strain resistant to more than 1,000 
pg/ml. These two cultures had been isolated from the same patient. 
Grossly and microscopically the extent and character of the disease m the 
two groups ucre comparable (fig. 24b). The tiiseaso produced by the 
strcptomyciii-rcsistant strain presented all the features of the typical rap- 
idly progres.''ivc disease characteristic of tuberculosis produced in guinea 
pigs by a vinilcnt human ty|)e tu1>ercle bacillus. TJic group of ten ani- 
mals infected with the sensitive strain ha<l an average survival time of 
70.r) days as compared to 95.5 days for the ten animals infected with the 
resistant strain. 

The evidence from the experiment rccountcil in the preceding para- 
graph suggested that m guinea pigs infections induced by streptomycin- 
resistant tubercle bacilli may jirocecd at a slower rate than infections due 
to sensitive strains. 

In another stuily wo have used the same strains us in the foregoing e.x- 

'• A jiroccdurc for tlio ilctcrnilii.'ifiuii of resistance to strcptonii ciii l)y the u.'>o of 
••gK >olt..‘igar has bccrulcjicribcil (44). 
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periment, inoculating each of twenty guinea pigs wth 0.1 mg of the &en- 
sitive strain and twcntj* nith the resistant strain. In the gioup infected 
with the sensitive strain, the fiist death uas recorded on the 39th day, and 
by the G8th day seven nioic animals Ixad died. In the group infected Mith 
the resistant strain there were no deaths until the 68th day. At the end of 
136 days, when the e.vperimcnt was tcmimated, there weic only two sur- 
vivors in the group infected with the streptomycin-senaitive strain as com- 
pared with eleven survivors in the group infected with atieptoraycm-resist- 
ant tubercle bacilli. The average sur\'ival time for the eighteen that 
died in the first group was 80 days as compared with 103 da.vs for the nine 
that died in the second gioup. 

A similar compaiison was made with u sensitive and a rcaistant stram 
from another patient. Nineteen guinea pigs infected with the sensitive 
strain and fifteen infecte<l with the rcaistant strain weie available for a 
comparison of the course of the infection At the end of 174 days of in- 
fection, seventeen (89 per cent) of thoae infected \sith the sensitive strain 
weie dead as compared to eleven (73 per cent) of those infected with the 
lesistant strain. The average survival lime for thoae that died in the tiso 
groups was 120 and 133 days respectively 

These limited observations suggest that atreptomycm-resistant strains 
of tubercle bacilli, though still capable of producing progressive disease, do 
so at a slower tempo than do the streptomycin-sensitive strains 

Effect of resistance on response to treatment 

It has been shown that experimental tuberculosis m mice and in guinea 
pigs caused by streptomycm-resistant strains is refractory' to streptomycin 
therapj'. Youmans and Wilhston (20) found that streptomycin therapy 
had no suppressive effect on tuberculosis induced m mice bj' strains of tu- 
bercle bacilli resistant in vitro to more tiian 1,000 /ig of streptomycin per 
milliliter of medium This was true for a strain of tubercle bacilli that 
had become resistant after exposure to the drug in titro, as well as for a 
stram that had been isolated from a patient treated with streptomycin. 

Feldman et at (39) found that streptomycin is not therapeutically ef- 
fective in guinea pigs infected xnth a lesistant strain of tubercle bacilli 
In this expenment (fig 24 a and b) one group of guinea pigs was infected 
with a strain of tubercle bacilli sensitive tn vitro to less than 1.0 of strep- 
tomycin per milliliter of medium A similar group was infected with a 
strain resistant in viiro to more than 2,0(K) /ig/ml These strains had been 
isolated from the same patient before and after a course of streptomycin 
therapy respectively As shown in figure 24i», the disease in the animals 
infected wath the resistant strain did not respond to treatment, and the 
extent and the character of the disease in the controls and in the treated 
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animals were comparable. Cultures isolated from these animals were 
found to be as resistant in viiro as the original culture. The disease in an- 
imals infected with the sensitive strain responded in the expected favora- 
ble manner except m three animals (fig. 24a) that had active lesions of 
lecent origin. Tubercle bacilli resistant to more than 2,000 /ig of strep- 
tomycin per milliliter of medium were isolated from these three animals. 
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Recently Spencllovc cl al. (45) dcbcribed a &treptoinycin-resibtant cul* 
tuic of tubcicle bacilli the grim th of which in artificial medium is enhanced 
by the prcbcnce of stieptoinycin. Although this enhancement effect 
is lost after four or five snbcultincb, preliininaiy studies in guinea pigs in- 
dicate that infections protluccd by this strain progress more rapidly ^ihcn 
the animals are treated wih streptomj'cin (46) than uhen they are not 
treated. 

Lenert and Hobby (41) succeeded in getting 184 positive cultures from 
190 mice uhich had been infected with the H37Rv strain of tubercle bacilli 
and treated ^\itb streptomycin. From thirteen of these animals both strep- 
tomycin-sensitive and streptomycin-dependent strains uere isolated. 

Six of these dependent strains, which required streptomycin for growth, 
were tested m mice for their ability to produce disease. It was found 
that only one was capable of causing death at the same rate as the original 
strain. The other five had very low disease-producing potentials. Ad* 
ministration of streptomycin to mice infected with these dependent strains 
did not increase the vinilence of the strains. Streptomycin-dependent 
and streptomycin-resistant strains* were recoverable from these animals 
when death finally occurred. 

ST11KPTO.MYCIX USKD CoXCOMITANTLY WITH OtHBR AxTITUBERCULOSIS 

Agb.nts 

Administration of streptomycin simultaneously with some other drug 
which is also effective in experimental tuberculosis was first reported by 
Smith and JIcCIosky (33) Since their report a number of investigators 
have turned their attention to this approach to obtain more effective 
therapeutic results than may be realized with streptomycin alone. Since 
the loiowTi substances effective against tuberculous infections arc rela- 
tively few, the possible combinations with streptomycin are not many. 
So far, the leports have dealt with combined treatment with streptomycin 
and one other drug. The addition of two or more drugs to the strepto- 
mycin regimen has, up to the present time, not been reported 

The drugs used concomitantly with streptomycin have been promin, 
(27, 33), diasone (47), the N-propyl and the succinimido derivatives of 
4 ,4'-diaminodiphenylsulfonc (48), sulfadiazine (48), 4 ,amino-4'-galac- 
turonylaminodiphcnylsulfone (49), p-aminosabcylic acid (50-52), sulphc- 
trone (32), and potassium iodide (53) 

Most of the reports pertaining to results of combined treatment with 
streptomycin and some other antituberculosis drug indicate that the sup- 
pressive action of the two drugs in combination is greater than that of 
either when used singly 

In our approach to the problem of antituberculosis therapy by drugs 
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used concomitantly, we follow a proccduic&onicu-hat at van'ance uitli that 
used by most of those ^Yho have reported picvnmsly. Wo agice uith You- 
mans, Youmans, and Osboine (50) that in studies of this kind tlie daily 
amount of streptomycin admhiisteml should he reduced to an amount 
that uhen used alone will be only partly or incompletely clfcctivo. 

One possibility of the effect of stieptomycin used concomitantly uith 
other drugs that has not been sti'cssed in the ticatment of tuberculous in- 
fections is the clTect such combinations may have on the emergence of strep- 
tomycin-resistant variants of tubercle bacilli. Because of the difficulties 
of developing consistently streptomycin-resistant populations of tubercle 
bacilli in the experimental animal, this phase of the problem has received 
but slight attention in experimental tuborculosisd* Clinically, however, 
this is now’ being investigated by our associates, Drs. Ilinshaw, Carr, and 
P/uetze. 


Comment 

Drugs considered for their possible value in clinical tuberculosis must 
first be subjected to crucial conditions of testing against e.xpenmcntal tu- 
berculous infections in animals. Results from tn vilro tests, regardless of 
how dramatic or promising they may appear, cannot be accepted as justi- 
fication for clinical trial of a drug in lieu of results from animal ex’porimcn- 
tation. For protection of the p.atient, drugs considered for use m human 
tuberculosis must have performed satisfactorily in preclmical trials in ex- 
perimental animals. Such drugs must have demonstrated their ability to 
suppress a well-established tuberculosis induced by inoculation with a fully 
virulent strain of human typo tubercle bacilli. An effective drug wdl 
retard the pathogenesis of the infection and permit the resolution and 
healing of tuberculous lesions. 

The evidence obtained from the many studies of the effect of stiepto- 
rnycin on the natural course of experimental tuberculosis in animals amply 
justifies the conclusion that this antibiotic is a highly potent antagonistic 
agent for tuberculous infections in animals produced by fully virulent 
tubercle bacilli of human or of bovine type. 
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. mentioned previously, recent studies by Youmans, Williston, and O-.bornc 
I demonstrated tlio /casibility of inducing slrcptomycin'rc.si‘'tanllul>riclc 

’“Cl 1 111 a liigji percentage of mice as a consequence of prolonged treatment with 
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Recently Spendlovc et al. (45) descnbed a st^eptomycin•lei^istant cul- 
tvne of tubercle bacilli the growih of which in artificial medium is enhanced 
by the presence of stieptomycin. Althougli this enhancement effect 
is lost after four or five subcultures, pieliminarj' studies in guinea pigs in- 
dicate that infections produced by this strain progress more rapidly n hen 
the animals are treated uili streptomycin (46) than when they are not 
treated. 

Lenert and Hobby (41) succeeded in getting 184 positive cultures from 
196 mice which had been infected with the H37Rv strain of tubercle bacilli 
and treated with streptomycin. From thirteen of these animals both strep- 
tomycin-sensitive and streptomycin-dependent strains were isolated. 

Six of these dependent strains, which required streptomycin for growth, 
wore tested in mice for their ability to produce disease. It was found 
that only one u as capable of causing death at the same rate as the original 
strain. The other five had very low disease-producing potentials. Ad- 
ministration of streptomycin to mice infected uith these dependent strains 
did not increase the vinilence of the strains. Streptomycin-dependent 
and streptomycin-resistant strains* were recoverable from these animals 
when death finally occurred. 

Streptomycin Used Concomitantly with Other A.n'TITuberculosis 
Age.sts 

Administration of streptomycin simultaneously with some other drug 
which IS also effective m experimental tuberculosis was first reported by 
Smith and JIcClosky (33). Since their report a number of investigators 
have turned their attention to this approach to obtain more effective 
therapeutic results than may be realized with streptomycin alone. Since 
the known substances effective against tuberculous infections are rela- 
tively few, the possible combinations with streptomycin are not man}'. 
So far, the reports have dealt Avith combined treatment with streptomycin 
and one other drug The addition of two or more drugs to the strepto- 
mycin regimen has, up to the present time, not been reported. 

The drugs used concomitantly with streptomycin have been piomm, 
(27, 33), diasone (47), the N-propyl and the succinimido derivatives of 
4,4'-diarainodiphenylsulfone (48), sulfadiazine (48), 4,amino-4'-gaIac- 
turonylammodiphenylsulfone (49), p-aminosalicylic acid (50-52), sulphe- 
trone (32), and potassium iodide (53). 

Most of the reports pertaining to results of combined treatment with 
streptomycin and some other antituberculosis drug indicate that the sup- 
pressive action of the two drugs in combination is greater than that of 
either when used singly 

In our approach to the problem of antituberculosis therapy by drugs 
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tomycin therapy. The strain isolated before treatment was sensitive to 
1 Mg of streptomycin per milliliter, but the one recovered on the 29th day 
of treatment was able to grow in the presence of 7,500 jug/o^^- 
From the blood of a patient with septicemia, Edwards and Kirk (4) 



NUMBER OF TRANSFERS 

Fig 2Ci Development of streptomycin rcsist-incc during daily transfers m bioth 
(so/iti fines) and on agar [dolled hnes). Asolid triangle A indicates the appearance 
of a single colony of highly resistant organisms. (After Murray, Kilham, Wilco\ 
and Finland (7) ) 

ifeolnted A. cloacae which bcfoie tieatinent was senbitive to 0 I pg/ml, 
but which showed m three antemortem and tlie autopsy cultures progies- 
Mve meu'asii in streptomycin ict.ibtance to a level of 750 pg/nil. 

P.une, Muriay, Soeler, and Finland (5) reported the dcvclojimcnt of 
stieptoniNeui resistance in one strain each of //. itijlucmac, Ps. aeruginosa 
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CUAPTEH 10 

DEVELOPMENT OF STREPTOMYCIN-KESISTANT 
/VND STREPTOAIYCIN-DEPENDENT BACTERIA 


At the time i3trei)tom3'cin was discovered, the problem of bacterial re- 
sistance to antibiotics and other clicnjothcrapeutic agents was engaging 
the attention of a number of investigators It is not surprising, therefore, 
that reports on the development of streptomycin resistance should have 
begun to appear soon after the drug was made available for clinical trial 
and laboratory experimentation. These reports indicated that bacteria 
developed resistance to streptomi'cm much more quickly than to penicil- 
lin or to other antibiotics, a fact of practical importance to clinicians and 
of theoretical significance to bacteriologists, paiticularly to those inter- 
ested in. bacterial genetics. 

DEVELOP^fE^•T OP B.tCTEItUL ReSISTA.VCE 
Clinical cbscriations 

Development of bacterial resistance to strcpfomj'cin us the cause of 
therapeutic failure was first demonstrated in the treatment of infections 
of the urinary tract. Finland, Murray, Hams, Killiam, and Pleads (D 
found that failure of treatment m eight of twelve cases of such infections 
was associated with rapid development of a high degree of resistance to 
streptomj'cin by the causative microorganism. Such observations have 
since become so common tliat tJic view is generally held among clinicians 
that unless sterilization of the urinary tract is accomplished within the 
first 2 or 3 days of streptomycin therapy, no beneficial effect can be e.\' 
pected. 

Finland cl al. also noted that resistance was Jess likely to develop if the 
urine was kept alkaline I'liis is presumably due to the decreased effec- 
tiveness of streptomycin in acid media (2), although no one has investi- 
gated the possibility that H-ion concentration maj’ influence the rate of 
development of lesistance in vitro. 

Hall and Spmk (3) observed a patient with subacute bacterial endocar- 
ditis duo to li abortus that became resistant during the course of strep- 
15S 
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and E. coli commxmior during treatment of patients sufTeiing from menin- 
gitis. 

Buggs anil his associates (6) reportetl a iiumbor of clinical cases of var- 
ious infections in which the bacteria isolated after stieptoinycin therapy 
weio more resistant tlian before. 

Laboratory sUidtes 

In an in vitro study of nine stiains isolated fiom urinary infections be- 
fore treatment, I^Iurray, Kilham, Wilcox, and Finland (7) found that 
resistance developed either gradually or suddenly, depending upon the size of 
inocula used. Daily transfers wore madem liquid media containing graded 
concentrations of streptomycin to determine the minimum inhibiting con- 
centration. As shown in figure 20, inoculation of 100,000 to 150,000 bac- 
illi in broth lesulted in a gradual, step-uise increase m resistance not un- 
like the rate at which penicillin resistance develops. Sooner or later, 
however, a sudden increase occuircd, which raised the streptomycin resis- 
tance to a very high level. Wlicn inocula of several billion microorgan- 
isms were tran&feired daily to stieptomycin agar, tliis sudden rise in re- 
sistance always occurred much cailier in the scries. 

These results resemble those of the earlier experiments of Miller and 
Bohnhoff (8), who compared the rate of development of icsistanco to 
streptomycin and to penicillin by meningococci and gonococci during 
serial subcultivation on blood agar containing increasing concentrations 
of the drugs. Both microorganisms developed resistance mucli more 
rapidly to streptomycin than to penicillin. Mtcr two or thicc transfers 
on stieptomycin-containmg media, abundant growth occurred on concen- 
trations of streptomycin as high us 50,000 /ig/ml. 

KESISTANT VAIIIANTS 

An explanation of this rapid increase in streptomycin resistance was 
supplied by the oiisciviition (9) that a few colonies of streptomycin-re- 
sistant meningococci would develop from a sensitive culture inoculated on 
solid media containing high concentrations of stieptomycin, provided the 
inocula contained sufficient numbers of organisms. These colonies, in- 
dicated by arrows in figuie 27, consisted of meningococci which were liighly 
resistant to streptomycin m vitro and tn vivo, althougli they ileveloped 
from inocula of a sensitive strain during its initial exposuie to stieptoiny- 
cin They were designated type A to distinguisli them fiom the strep- 
tomycin-depciuleut variant (/ype B) discussed later in this chapter. 

q'he sticptomycin-rcsistant valiants occuned in cultures of each of 
eighteen strains of meningococcus which included types I, II, and II alplia 
(10). In most c\periment.s their numliers wcio approximately equal on 
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Strcpl<iinjciii-rc8i8liiiil colonics arc indicated l»y urrous, strciitQiuNctu-dopui 
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Wyss, Stone luid Clark (15u) luivc lepoitcd that iiiadiatiou of a cul- 
ture of S. aureus with ultraviolet light or treatment with hydrogen peroxide 
or nitrogen mustard produced a significant increase in the incidence of 
variants resistant to 3.0 MS stTCploraycin per milliliter. 

From the observations described thus far the following facts may be 
summarized: 

1. B.icteria in.ay develop resistance loslrcptoinyciti (.i) in itm, tiiut is, in cIiiikmI 
infections during the course of streptomycin thei.ipy; or (li) ni vitio, tli.it is, 
duiiiig cultivation on artificial media coiitaiiiiug sticptomycin 

2. The rate at which streptomycin lesistancc dcvclujM during scnul cultivation 
on streptomycin media tends to l>e propoitioiial to the number of hactciiu 
transfened at each subcuUivation. 

With small inocula such as arc ordinal il)* used for serial tiunsfcr in broth 
containing increasing concentrations of streptomycin, robistiincc ri'sc.s -slowly 
in a step-wise fashion. Wlicnsomcw hat larger luncula are Used, the resistance 
tends to rise more rapidly and may .suddenly jump to a very high level. When 
hufTicicutly large iuocula are ased, resistance of a very high order may lie 
developed by a single cultivation of a susceptible strain on liigh concciiti .i- 
tionsofthe drug. 

3 Since the presence of streptomycin in media acts to inhibit t he repi oductioii of 
all microorganisms .sensitive to the conccnlr.ition used and j>ei rnita the growth 
of only tlioso winch .ai c resistant to that coiicciUiation, it is evident tliat the 
liactoriul population of a '‘suscc|»tihle” strain is not liomogciioous w ith rcsjicct 
to Its susceptibility but contains a very small pio]>ortiuti of organisms that 
possess varying degrees of rcsistaiico. The highest degiec of icsistaiico is 
least common, moderate icsistance moic frequent, and slight degicesmost 
frequent within this sm.iU friction of the popuhition In othci words, the 
dcgiec of icsistance tends to bo iiivci&cly piviportionul to its fioquency 
It nuy bccm contradictory to dcscnlio the pie.sonce of icsistunl organisms 
in a susceptible strain unless one rcmcmlM;i& that thC 3 ’ constitute such a small 
fraction of the population tliat they arc not likely to be included in a random 
sample 

t Resistant valiants appear in a cultuicstaitcd fiotu u single colony of suscep- 
tible organisms, presumably ‘Icsccnd-ints of a susceptible individual and 
after their apiic.irance produce icsistaiit piogcnj .' Res’stance, is, thercfoie, 
.1 heutaiilc character arising by mutation, which is .issumeil by Demcrce (16) 
to l>c an esamplc of gene mutation. 

The diffeiciices in degree of lesistaiico posscvM'd by mutants aie explained 
bj Demeiec on the supposition tli.it an\ one of sever.il genes is inxoUcd in the 
development of icsistance and th.it the> differ fioin one another in “potenci ” 
If mutation occuis in a gene of low potency, lesiit-incc will be incio.i.scd to .i 

' Tlni c.in t»e demonstratod bj sus|>ciidiiig a single colony of a suscojilible imcio- 
oi g.imsm, foi example, meningococcus, in (I 1 ml «»f s.dine and inoculating a looiiful 
on each of sovrial eoncentralnniH of siieptomjcin and also on stroj)(om>cm-ficc 
agir If no giowth occui-s on cimfriilr.ilioiiN .dnive 5pg/m), tlieoiigiinl colony iu.i\ 
be considered to consist eiiuiei} of Misceptihio organisms As the p(i]Milati(iii in- 
cu'iuses on strepioinjcin-free iiMHlia, subcultiv.ilion fjiim n on streptomiem :igir 
will deinon.slratc the presence of incre.ising nuinljcrs of re.sislant x.iri.inis. 
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all concentiutions of atieptomycin between -10 and -1,000 though tiic 

ininibcr varied from strain to htiain. For mo.st ."trains their frequency was 
estimatetl to Ih‘ about 1 to 3/10"* miwoorganisms inoculated, though 
highei fituiueneies weie oeeasionully eneountered if nuiny determinations 
were mailo on a single stiain (II). These streptomycin-resistant colonies 
weie assumed to develop fiom resistant mutants that were constantly 
arising in the original bacterial popubtion. 

Alexander and Leidy (12) examined the strains of II. influenzae from 
fourteen patients treated with streptomycin for meningitis. From three 
of four patients who failed to recover, microorganisms which grew luxiir- 
iantly’ in media containing 1,000 #ig of streptomycin per milliliter were 
isolated after ticatment. A careful i;i viiro study of all the strains ob- 
tained befoie treatment sitowed no conelation, bower ei, between the sub- 
sequent clinical response to streptomycin therapy and the tendency of the 
strains to devcloj) resistance, for all the strain.s were able to gi\e rise to 
streptomycin-resi«tant var iants. 

The incidence of organisms resistant to 1,000 Mg/ml teo, of the strains 
varied from 1 in l.l billion to 1 in 13.8 billion, but these frequencies were 
dblributcd in random fashion, irrespective of the ultimate effect of strep- 
tomj'cin therapy on the infections which they had produced. 

From this study, the authorsconcludcd that survival of organisms which 
can grow in high concentrations of streptomycin either within the human 
host or in vitro is influenced more by the size of the bacterial population 
than by any other known factor. 

Using a modification of Demerec’s method, AIe.vander and Leidy (13) 
made caieful systematic determinations of the frequency of resistant or- 
ganisms m ten stiains and found it to vary from 2.0 X 10~", to7.0 X 10"", 
a variation which was not significant. These results confirmed their 
theorj" that iesi"tant variants appeared in cultures of susceptible strains 
as a lesult of random mutation which was constantly occurring in the bac- 
terial population. 

Klein and Kimmelman (14) obsen'ed tliat most but not all strains of 
Shigellae developed icMstance rapidly ^Mien 400 samples of 0.1 ml 
were transferred from a broth culture of Sh dysentenae, it was found that 
1 per cent of them contained variants which were resistant to 1,000 pg/ml. 
Klein (lo)' examined se\en strains of bacteria, including E. cob, Pr 
vulgarib, and S. aiirem, by testing 100 inocuhi of 0.4 ml each for their 
stieptomycin lesistanee -\t least 1 per cent of the samples contained or- 
ganisms resistant to high conceatraticms of streptomycin. It is interest- 
ing to note that a similar search for penicillin-resistant variants among a 
number of stralin of Slaphtjlococrus revealed none that possebsed a higli 
clesrce of resistance. 
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ing growth ou high conccntiatioiis of stieptomycin. Heveision to normal 
appearance occurred during subsequent cultivation ou blood agar. 

MICROSCOPIC APPEARANCE OF RESISTANT VARIANTS 

Murray et al. (7) noted considerable plcomorphism in the gram-nega- 
tive bacilli which had acquired moderate resistance during cultivation in 
stieptomycin broth. Less plcomorphism was shown by the same strains 
grown on streptomycin agar. 

Stubblefield (23) described a round cell variant of E. coli which was ob- 
tained from a single colony and which was resistant to streptomycin. Af- 
ter cultivation on streptomycin-free media, this variant became identical 
with the parent strain. 

BIOCHEMICAL REACTIONS 

^lany authors have noted that sticptomycin-resistant oiganisms grow 
more slowly than their paient stiains, and several authors have observed 
a slower rate of sugar f^cimentation by resistant strains. Few instances 
of marked alteration in biochemical activity have been icported. Sel- 
igmann and Wassermann (21) found that two of seven strains of Salmon- 
ella lost their ability to produce gas, ami one of these did not produce 
H 2 S; the other and a third strain showed marked delay in HgS produc- 
tion. Gezon and Cryst (22) observed reduction in streptokinase and 
Bticptolysin S piocluction by some lesistant strains of liaemolytic strep- 
tococci. 

VIRULENCE 

Few observations have been reported on the virulence of micioorganisms 
which have acquired lesistance to streptomycin. Miller and Bohnholf 
(8, 10) found that highly resistant meningococci w ei e as vii ulent for mice 
as the parent strain from which they derived, and pioduccd infections 
against which large doses of stieptomycin atfoided no protection, Selig- 
manii and Wasscrmaim (21) , on the other hand, lepoited that all of seven 
strains of Salmonella lost theii virulence for mice after they luul become 
resistant to strcptoiui'cm. Gezon and Cryst (22) observed some icduc- 
tion in mouse viiulence of lesistant beta haemolytic streptococci. 

SENSITIVITY OF RESlST.VNT VARIANTS TO OTHER ANTIUACTEUI VL AGENTS 

Most investigators have found tliat strains which had aciiuired resis- 
tance to streplomycm retained their sensitivity to other antibiotics and 
to the sulfonamides. Klein and Kimmclman (21) found no evidence of 
cross resistance and show oil that the combination of penicillin and/or 
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slight degree, but if it occurs io a highly potent gene, resistance of a high 
degree will result. 

It is in this respect that the mutations involved in streplomj cin resistance 
differ from those involved in the development of pcDicilIin resistance. The 
latter, according to Dcmcrec, are all of low “potency,” an explanation which 
accounts for the gradual step-wise rise in penicillin resistance. 

l>i,ll.\IAXE.VCE OP &Tl{EI*TO.\lYClX RESlbTA.VCE 

ilost highly icaistant organisms have been found to retain this prop- 
ertj’ during prolonged subcultivation on streptomycin-free media. .Vlex- 
ander and Leidy (13), for example, obser\*ed no change in one strain after 
G months of 24- or 48-hour transfers on streptomycin-frec media. Miller 
and BohnhofT (10) reported no loss in resistance in meningococci carried on 
streptomycin-free media for 1 year, nor did they obsen'c any change dur- 
ing repeated passage in untreated mice. Knop (17) found no change in 
the level of resistance of several strains of gram-negative organisms after 
twenty-nine daily transfers in streptomycin-frce media. 

Murray, WUco.x, and Finland (18), on the other hand, found apprecia- 
ble numbers of sensitive cells m two strains of gram-negative bacilli after 
twentj'-eight and fifty-nine transfers respectively. Eleven other strains 
appeared to retain their resistance through 100 serial transfers in strepto- 
mycin-free broth. Chandler and Schocnbach (ID) noted some loss of 
icsistance in a strain of pneumococcus after 0 months’ cultivation in 
streptomycin-free media. 

Strains that have acquired only slight or moderate degrees of resistance 
have been found to lo^e it readily, usually at about the same rate at which 
the resistance was acquiied (18, 20). These findings indicate that sta- 
bility of resistant mutants varies from strain to strain and also suggest 
that back mutation occurs more frequently among mutants possessing 
low degrees of resistance These observations, however, demand confir- 
mation by single-colony isolates. 

MORPHOLOGY OF REsIsT.VXT COLOXIE^ 

Most observers have failed to note any change in the appearance of 
streptomycin-resistant colonies, although several have observed that such 
colonics grow more slowly than the normal parent strains. Miller and 
Bohnhoff (9, 10) described a distinct yellow i-h color in the strcptomycin- 
icsistant variants of most of Iheir strain:, of meningococcus. Loss of pig- 
ment formation as sticptomycm resistance developed was observed by 
SeUgmann and Wassermann (21) in two strains of Ps. aeruginosa and in 
two strains of S aureus by Graessle and Frost (20). 

Gezon and Crj’st (22) noted changes in colonial appearance and changes 
from beta to alpha or gamma haemolysis m haemolytic streptococci dur- 




Fig. 29. Numbers of colonics of Btreptomycin-depeodent and streptomycin- 
resistant variants developing from inocula of approximately 1.0 to 2.0 X 10‘® suscep- 
tible meningococci on graded concentrations of streptomycin. 


Development of Streptomycin Dependence 
In tUeir cultures of meningococcus On streptomj'cin-containing agar, 
Miller and BolmhofT (9, 10) obiscrved a second type of resistant colony 
in addition to the type A colonics already described, Tlie second type, 
designated lype B, also developed from susceptible strains during tlieir 
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sulfadiazine uith stieptomycin was much moic effective than either agent 
alone. 

Klimck, Cavallito, :uul Bailey (25) observed shglit to moderate inciease 
in penicillin resistance in a strain of S. aureus after it had become highly 
resistant to streptomycin. Conversely, a high degree of penicillin resis- 
tance was accompanied by some inciease in streptomycin resistance. 



Fig. 28 Inhibition b> penicillin (50 units per ml) in filter paper of top culture, 
pemciUin-resistant meniDKOcoccus, middle, parent sensitive strain, bottom, strep- 
tomycin-resistant strain 

Streptomycin lesistance on the other hand, may be accompanied by 
increased sensitivity to penitullm, as is demonstrated in figure 28 which 
show s a wider zone of inhibition of streptomycin-resistant meningococcus 
than of the susceptible parent strain from whicli it was derived. 

Graessle and Frost (20) found that two strains of Staphylococcus acquired 
some increase in streptomycin resistance as they became resistant to pen- 
icillin whereas streptomycm-resistant strains remained sensitive to pen- 
icillin. 
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concentrations or from large dependent colonies on high concentrations. 
This fact indicates that the dependent variants were all genetically alike 
and that the larger size and slight pigmentation on the higher concentra- 
tions were due to a direct stimulating action of the streptomycin. 

Streptomycin-dependent variants were obtained from all of eighteen 
strains of meningococcus and from a number of other bacteiia, including, 
A. aerogenes, B. coli, Proteus, Ps. aeruginosa, Salmonella, and Staphy- 
lococcus (26). Estimates of the mutation rate of dependent variants in 
one strain of meningococcus varied from two to fifteen per billion on op- 
timal concentrations of streptomycin. 

It is of interest that two sets of investigators mentioned the isolation of 
resistant variants which grew better on streptomycin-containing media. 
Some of the resistant variants of H. influenzae studied by Alexander and 
Leidy (13) uere favored by the presence of streptomycin in the media. 

TABLE 13 


Results of inoeulalion of mice vAlh slreplomycin-dependent variant of meningococcus 



1 

tnnfBU 
' or MICE 


^ BZASTS' BiooD ennezs 

uzKivcococa 

INOCCIATES 

STSEPT0U\C1N TatAISCEKI 

BESOIT I 

Oa . 

tsmrcia 
media 

On strep- 
tom>ciD.free 
media 

10,000,000 

No treatment 

C 

All survived ; 



100,000 

10,000 (in 4 doses) 

12 

All died j 

Positive 

Negative 

10,000 

during first 12 hours of 
infection 

8 

All died 

Positive 

Negative 


Hall and Spink (3) noted that growtli in vitro of the resistant strain of Br 
abortus isolated from the blood stieam of a patient treated with strepto- 
mycin for bacterial endocarditis (referred to above) “was stimulated by the 
addition of sublethal concentrations of streptomycin.” 

Streptomycin requirement for experimental infection 
Dependence on streptomycin can be demonstrated in vivo by inoculating 
mice with streptomycin-dependent meningococci and E. coh suspended in 
nuiciii (10). No infection results imicss the mice are treated with strepto- 
mvcin. Mice lecciving adequate doses of the <hug develop sepsis and die, 
ami btreptomyem-dependent organisms can bo recoveied from their hearts’ 
blood in cultures on streptomycin-containing, but not on streptomycin-free, 
media. Thisfact demonstrates tliatthcmicroorganisms retain their depend- 
ence on bticptomyciu during multiplication within the hotly of the infected 
animal host. The protocol of a typical c.\periment is presented in table 13. 
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initial exposure to streptomycin but grew* more slouly. On concentra- 
tions between 60 and 100 Mg» they differed from the type A colonies in that 
they were smaller, as can be seen in figure 27, and pearl-gray. On higher 
concentrations they grew to be larger and were less easily distinguishable 
from the type A colonies. Their most remarkable property ivas their de- 
pendence on streptomycin. 

^^^len equivalent inocula were planted on a series of plates containing 
graded concentrations of streptomycin, these colonies of streptora 5 ’cin- 
dependent organisms alwaj’S appeared in greatest numbers on concentra- 
tions between 100 and 400 A«g/ml. The upper part of figure 29 shosvs the 
colony counts in thirty-five experiments in which a series of plates con- 

TABLE J2 


Number and appearance of colonies developing from small, equal inocula of pure culture 
of type D variant 


sncpiomcLv | 

saKBCt or coLams 

vtsctsmon ' 




0 , 

0 


10 1 

0 


40 

3 

Small, gray 

60 

S 

Medium, gray 

100 

33 

Medium to larse. erav to slichtlv vellowish 

200 

33 

Large, slightly yellowish 

400 

30 

Large, yellow bb 

1,000 

' 25 

Large, yellowish 

4,000 

G 

Small to medium, yellowbh 

10,000 

0 



tainmg graded concentrations of streptomycin was inoculated with approx- 
imately equal quantities of a heavy suspension of a sensitive type I men- 
ingococcus. 

Streptomycin-dependent variants nould grow abundantly from small 
inocula on 100 to 400 /ig/ral and u ould also grow from bea\y inocula on 
concentrations as low as 5 ng/mi but not on loner concentrations. That 
concentrations between 100 and 400 #tg/ml were optimal for the estab- 
lishment of colonics IS shonm by table 12, which summarizes an experiment 
in wliich equivalent inocula of a pure culture of stroptomycin-dependent 
meningococci were planted on a scries of plates containing graded concen- 
trations of streptomycin. It will be seen that once growth was initiated 
on streptomycin media, the colonies grew to a larger size on the higher con- 
centrations Results identical with those shown in table 12 were ob- 
tained with subcultures from small dependent colonies growing on low 
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back mutation. A strain of E. coli wnth which they worked, hou ever, was 
much less stable and tended to become resistant. Rake’s experience (30), 
on the other hand, was different; his meningococci weie less stable than E. 
coll. 

Paine and Finland (29) found that dependent variants tended to give 
rise to streptomycin-sensitive organisms during prolonged giowth in broth 
containing low concentrations of streptomycin. This suggests that back 
mutation was frequent among their strains. Puiification of their depend- 
ent variants required several transfers in broth containing high concentra- 
tions of stieptomycin in which growth had been most vigorous. 

Microscopic appearance of dependent microorganisms 

Smears made from dependent variants of meningococci growing on low 
conccntiations of streptomycin showed these variants to be larger than 
normal meningococci (10). Organisms from colonies growing on higher 
conccntiations weie indistinguishable fiom the parent strain. 

Dependent variants of the strains studied by Paine and Finland (29) 
shoued marked pleomorpliism but only when they were cultured in subopti- 
mal concentrations of stieptomycin. 

Biochemical and immunological rcaclions 

Sticptomycin-dependent variants grow more slowly than their paicnt 
strains or streptomycin-resistant variants. Dependent variants of meningo- 
coccus show no other metabolic or biochemical differences. For e.vample, 
they ferment dextrose and maltose, provided theyaic supplied with stiepto- 
mycin. They retain their type specific agglutinability. Xo antigenic 
diffeience between them and their parent strains is detectable by agglutina- 
tion or piccipitin reactions with immune sera picpared from both. 

Tw 0 strains of Kl. pneumoniae studied by Paine and Finland (29) faded 
to fcimcnt liulcitol after becoming resistant or dependent. The dependent 
variant of one of the strains was inagglutinabic and showed no capsular 
swelling in specific antiseium. Tlic lesistant variant showed capsular 
swelling and partial agglutination. Kushnick, Randles, Gray, and Birke- 
lund (31) desciibcd the isolation of a stieptomyciii-dependent variant from 
a resistant strain of B. subtilis which would grow only under anaerobic 
conditions. 

Sciisilivity of dcpciuknl t'ariants to other antibacterial agents 

Paine and Finland (29) fouml oiilj' minor diffeicnces in the sensitivity of 
dependent variants of »S'. aureus, E. coli, Proteus, Pseudomonas, and Kl. 
pneumoniae to the action of penicillin, bacitracin, and polymj’xm. Miller 
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As can be judged from the inocuLa used, the virulence of this dependent 
variant was much leduced. 

Development of streptomycin dependence in vivo 

The demonstration that streptomycin-dependent variants appear in 
bacterial cultures under experimental conditions raised the question of their 
possible occurrence in vivo during streptomj'cin therapy. Miller and Bohn- 
holT (26,27) searched for and found them in addition to large numbers of 
lesistant organisms among the usual bacterial inhabitants of the throat and 
large bowel of mice and rabbits after 11 days of tieatmcnt with strepto- 
mj’cin. Sticptomj’ciu-dcpendent as well as streptomycin-resistant organ- 
isms were also recovered from the tluoats of patients during the course of 
streptomycin therapy. 

Critical concentration of streptomycin 

Paine and Finland (20) obtained streptoniycin-dcpendcnt variants regu- 
larly from each of twostrainsof S. aureus, Kl. pneumoniae, Pr. morganii, and 
one of four strains of E. colt and one of three strains of Pseudomonas. They 
made the interesting observation (28) that the concentration of streptomj*- 
cin in broth above whicli sircptomycin-depemieni variants multiplied was 
the same as or very close to the concentration above which growth of the 
sensitive parent strain was inhibited. In other words, there was a critical 
concentration of streptomycin, vaiying from strain to strain, above which 
the parent strain and below which its dependent variant were unable to 
grow. 

The authors point out that although the e.\act mechanism of strepto- 
mycin action is not luiown, it may, lu accordance with cuneat theories, 
be assumed to act by blocking some essential metabolite or enz^Tue bi’stem. 
They point out further that it could scarce^' be mere coincidence tliat the 
concentration of streptomycin which inhibits growth of a sensitive strain 
becomes necessary for the grow tli of a dependent variant of the same strain. 

They raise the question whether the original essential metabolite may be 
leplaccd by some moiety of the streptom.vcin molecule which can be utilized 
in its place Resistant vanants on the other hand grow independently of 
the presence or absence of stieptomycm and may be thougJit of, therefore, 
as possessing some alternative mechanism or system that functions in the 
place of the one blocked by streptomycin in the sensitive strain. 

SlabiUiy of dependent strains 

stiller and BoImhoiT (9,10) found their strains of dependent meningo- 
cocci to be nxarkeUIy stable. Tlie development of a single colony on stiep- 
tomyem-free media occurred sO rarely that it w'as regarded as the result of 
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back mutation. A strain of B. co/t with which they woiked, however, was 
much less stable and tended to become resistant. Rake’s experience (30), 
on the other hand, was diffeicnt; his meningococci were less stable than E. 
coll. 

Paine and Finland (29) found that dependent variants tended to give 
rise to stieptomycin-sensitive organisms during prolonged growth in broth 
containing low concentrations of streptomycin. This suggests that back 
mutation was frequent among their strains. Purification of their depend- 
ent variants required several transfers in broth containing high coneentia- 
tions of stieptomycin in which growth had been most vigorous. 

Microscopic appearance of dcpcmhnt jnicroorganisms 

Smears made from dependent variants of meningococci growing on low 
concentrations of streptomycin showed these variants to be larger than 
normal meningococci (10). Organisms from colonics growing on higher 
concentrations were indistinguishable fiom the parent strain. 

Dependent variants of the strains studied by Paine and Finland (29) 
showed marked pleomorphism but only when they were cultured in subopti- 
mnl concentrations of streptomycin. 

Biochemical and immunological reactions 

Streptomycin-dependent variants grow more slowly than their paient 
strains or streptomycin-resistant variants. Dependent variants of meningo- 
coccus show' no other metabolic or biochemical differences. For example, 
they ferment dextrose and maltose, provided they are supplied with strepto- 
mycin. They retain their type specific a^Iutinability. No antigenic 
difference between them and their parent strains is detectable by agglutina- 
tion or precipitin reactions with immune scia prepared from both. 

Two strains of Kl pneumoniae studied by Paine and Finland (29) failed 
to ferment dulcitol after becoming resistant or dependent. The dependent 
variant of one of the strains was inagglutinablo and showed no capsular 
swelling in specific antiserum Tlic resistant variant showed capsular 
swelling and paitial agglutination. Kushnick, Randles, Gray, and Birkc- 
land (31) described the isolation of a streptomycin-dependent variant from 
a resistant stiain of B sublihs which would giow’ only under anaeiobic 
conditions. 

Sciisitivitij of (Icpciulcnt variants to other antibacterial aycuts 

Paine and Finland (29) found only minor differences in the sensitivity of 
dependent variants of -S' aMrcM«, E. colt, Proteus, Pseudomonas, and Kl. 
pneumoniae to the action of penicillin, bacitracin, and polymy.xin. Miller 
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As can be judged from the inocula used, the virulence of this dependent 
variant was much reduced. 

Development of streptomycin dependence in vtvo 

The demonstration that streptomycin-dependent variants appear in 
bacterial cultures under experimental conditions raised the question of their 
possible occurrence in vivo during streptomycin therapy. Miller and Bohn- 
holT (26,27) searched for and found them in addition to large numbers of 
resistant organisms among the usual bacterial inhabitants of the throat and 
large bowel of mice and rabbits after 11 days of treatment with strepto- 
mycin. Streptomycin-dependent as well as streptomycin-resistant organ- 
isms were also recovered from the thioats of patients during the course of 
streptomycin therapy. 

Cntical concentration of streptomycin 

Paine and Finland (29) obtained streptomycin-dependent variants regu- 
larly from each of twostrainsof S aureus, Kl. pneumoniae, Pr. morganii, and 
one of four strains of E colt and one of three strains of Pseudomonas They 
made the interesting observation (28) that the concentration of streptomy- 
cin in broth above uhich streptomycin-dependent variants multiplied Mas 
the same aa or very close to the concentration above uliich grouth of the 
sensitive parent strain was inhibited. In other words, there was a critical 
concentration of streptomycin, varying from strain to strain, above vhich 
the parent strain and below which its dependent variant were unable to 
grow 

The authors point out that although the exact mechanism of strepto- 
mycin action is not known, it may, in accordance with current theories, 
be assumed to act by blocking some essential metabolite or enzjme system. 
They point out further that it could scarcely be mere coincidence that the 
concentration of streptomycin ivhich inhibits growth of a sensitive strain 
becomes necessary for the growth of a dependent variant of the same strain. 

They laise the question whether the original essential metabolite ma}' be 
replaced by some moiety of the streplomycm molecule w Inch can be utilized 
m its place Resi.^tant vananis on the other hand grow independently of 
the presence or absence of streptomycin and may be thought of, therefore, 
as possessing some alternative meelianism or system that functions m the 
place of the one blocked by .streptomycin in the sensitive strain. 

Stability of dependent strains 

Miller and Bohnhoff (9,10) found their strains of dependent meningo- 
cocci to be markedly stable Tlie development of a single colony on strej)- 
tomyem-free media occurred so rarely that it was rcganlcd as the result of 
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inhibitory to the reproduction of its parent strain is Emerson’s mutant of 
Ncurospora which requires sulfanilamide (33). Streptomj’cin-dependent 
mutation, however, occurs regularly in a number of bacterial species and in 
some at a rather high rate. In all of the eighteen strains of meningococcus 
examined by Miller and Bohnhoff, the mutation rate was higher for depen- 
dent than for lesistant variants, and as can be s^eii by comparing the upper 
and lower charts in figure 29, the average frequency of the dependent 
variant on optimal concentrations was mote tlian thirty-five times that of 
the lesistant variant from the same strain- 

Theoretical considerations 

One is. tempted to conclude that the stieptoniycin in the media does some- 
thing moie than permit the growth of mutants already picsent m the bac- 
terial population; that is, that streptomycin induces this mutation. Such a 
conclusion, however, would inv'olve a departure from conventional genetics 
which cannot bo justified by any available c.xperimcntal data. One seems 
obliged, therefore, to explain the occurrence of streptomycin-dependent 
variants in accoi dance w ith current genetic theory os resulting from random 
mutation which is constantly taking place in the population of a susceptible 
stroin. On ordinary media such mutants must of necessity bo nonviable 
because they occur iii the absence of streptomycin. 

Such a tiieory w ould become less plausible if this phenomenon should be 
found to occur with respect to a large number of antibacterial agents, be- 
cause it would presuppose the appearance of moie nonviable mutants tlian 
would be consistent Avith Icnown facts about the rate of bacterial leproduc- 
tion 

The most helpful clue to the nature of the change accompanying strep- 
tomycin-dependent mutation is supplied by the observation of Paine and 
Finland that the concentration of streptomycin aboA’e Avhich a dependent 
mutant is able to giOAV approximates that which completely mliibits the 
growth of the susceptible parent strain. The change must invoh’e a \'ital 
process and w ould seem to be a relatively simple one. It can bo most easily 
e.xplained by assuming streptomycin to be an analog of a coenzyme in some 
reaction e.^^senlial for growth. In susceptible cells, this reaction is blocked 
by sticptomycm, but as a result of the mutation some minor change occurs 
A\hich permits streptomycin to function as the coenzyine and thereafter to 
be itself essential for growtli. lliis hypothesis is based on (he studies of 
Fildes (34) and Woods (35) on the action of sulfonilamide. 

Tlie high concentration of streptomycin required for optimal giowth of 
dependent organisms has raised the question whether it is streptomycin 
itself or some impurity wliieh acts as the essential metabolite. Among 
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and BohnholT (10) noted the dependent variants of meningococcus to be as 
sensitive to penicillin as the normal parent strains from nhich they Mere 
derived. 

The dependent variant of M. ranae iboiated by Yegian and Budd (32) 
was found to be considerably more icsistant to sulfathiazole than either the 
parent or the lesistant strain. Wiereas the sensitive and resistant strains 
Mere inhibited by 1 mg/100 of sulfathiazole, the dependent strain M'as able 
to grou- in 100 mg/100. 

Replacement of slreptomyciii 

Miller and Bohnhoff (tl) as m-c11 as Bake (30) found streptomycin, 
inannosido, and dihydrostreptomycin to be effective in supporting grOMth 
of streptomycin-dependent meningococci and E. colt. 

Miller and Bohnhoff (26) u'crc unable to find any other substance that 
Mould substitute for streptomycin in supporting the groM-th of dependent 
meningococci, altliough they tried streptamine, streptidino, streptobiosa- 
mine and other degradation products of streptomycin, lipositol, inositol, 
and streptomycin that had been inactivated by hydrovylamine HCl and 
cj’steinc HCl. 

Bake (30), hoM’cver, found some activity in two preparations of Jipositol 
and also m n-aeetyl mannosldostreptomycin and streptobiosamine. The 
activity found in n-acetyl mannosidostreptomycin and streptobiosamine 
M'as thought to be due to contamination of these products M'lth strepto- 
mycin residue 

General constderalions 

Streptomycin-dependent variants have been isolated from a sufficient 
variety of bacteria to indicate that their appearance represents a common 
phenomenon among microorganisms. Failure to demonstrate them may 
M ell be due t o inadequacy of a systematic search on optimal concentrations. 
Since many of them are indistinguishable in colonial appearance from resis- 
tant variants, they can be identified only by making duplicate subcultures 
from individual colonies on strcptomycm-containing and streptomycin-fice 
media. The colonial differences betAveen the dependent and the resistant 
colonics of meningococcus desenbed bj' Miller and Bohnhoff M-ere mo'.t 
apparent on concentrations of streptomycin betMeen 40 and 200 pg/ml. 

The origin of the streptomycin-dependent variants raises some interesting 
questions concerning the genetics of bactena and their biological processes 
Smee dependent organisms rctam their dependence during repeated sub- 
cultivation, this trait is inheritable and must, therefore, be regarded as tlie 
lesult of mutation. 

Ui analo'’'ous instance of a mutant dependent on a substance that is 
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To determine whether streptomycin dependence in addition to or, instead 
of, resistance may have contributed to therapeutic failure, it would be neces- 
sary to culture equal inocula of an infected body fluid on streptomycin- 
containing and on streptomycin-free agar. The development of a greater 
number of colonies on streptomycin media would suggest the presence of 
dependent organisms in the inoculum Pi oof nould be obtained bj’’ sub- 
culturing a number of colonies in duplicate on streptomycin-containing 
and on streptomycin-free agar to determine the dependence of these colonies 
on streptomycin. 
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many pieparations of sfippfomycin, howcvpr, some of uJjieh nere almost 
chemically pure, the activity in supporting growth of dependent mutants 
has been pioportional to the content of streptomycin. There is no experi- 
mental evidence, tlieieforc, that any substance other than streptomycin 
itself is the essential metabolite for (he dependent variants. 

Comment 

Stieptomycin resistance and dependence are phenomena of interest to 
invcstigatoi s in the fields of bacterial genetics and bacterial metabolism, as 
n cll as to tho.'e concenieti n ith the mode of action of antibacterial agents. 
Botli streptomycin-resistant and strcptom 3 'cin-depcndent organisms have 
been found to be useful m the identification of streptomycin-producing 
molds (30, 37, 38). 

Additional data need to be accumulated on the genetics of mutants of low 
or intermediate degrees of resistance. Such studies can be more profitably 
carried out on young colonics grouing on solid media than with broth cul- 
ture because young colonies consist of populations that are much more 
nearly homogeneous. 

Metabolic studies on both resistant and dependent variants should prove 
helpful m explaining the mode of action of streptomycin 

The development of streptomycin resistance is of great importance to the 
clinician in his therapeutic application of (he drug. It is a matter of greater 
concern than is peniciUm resistance, because it develops more readily and to 
a higher degice, and also because the dosage of the drug is limited by its 
toxicity 

Needless administration of streptomycin to patients can be avoided by 
repeated bacteriological examination for the detection of stieptom3’Ciij- 
resistant organism-^ during the course of treatment. Cultuics should be 
planted directly on media contamingscvoral concentrations of stieptomycin 
within the range which might reasonably be attained in the infected body 
fluid that the drug is expected to sterilize This procedure will prcient a 
misleading lesult that may occur if sensitivity determinations are made on 
a culture that has Just grown out in streptomyem-free broth, boraiiJ^ 
streptomycin-Tcsistani mutants may appear in the bacterial popuUtion 
during Its growth 

.although it has been shown that stieptomycin-dependcnt bacteria nia.v 
be isolated from patients and animals undergoing treatment with stiepto- 
inyein, there have been no publishctl reports of ca.'^.s in whicli (he develop- 
ment of streptomycin dependence has I>ecn .diown to pLij* a role m the 
failure of stieptomycin theiapy Tin*, po-'sibiiitj' cannot be nded out, how- 
ever because it is not customan’ to make cultures from patients on strep* 
tomycm-containing media 
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To determine whether bti eptomycin dependence m addition to or, instead 
of, resibtance may have contributed to therapeutic failure, it would be neces- 
sary to cultuie equal inocula of an infected body fluid on streptomycin- 
containing and on stieptomycin-free agar. The development of a greater 
number of colonics on stieptomycin me<lia would suggest the presence of 
dependent organisms in the inoculum Proof would be obtained by sub- 
culturing a number of colonies in duplicate on streptomycin-containing 
and on streptomycin-free agar to determine the dependence of these colonics 
on stieptomycin. 
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Chapter 11 

RESISTANCE OF TUBERCLE BACILLI TO 
STREPTOMYCIN 


An ideal antibacterial agent for a chronic, slow-healing disease, such as 
tuberculosis, sliould be highly bactericidal for the infecting microorganisms 
in concentrations below tho toxic range of the drug for the host. If the 
agent is primarily bacteriostatic, however, with only limited ability to des- 
troy the invaders, it must be given over a long period to check the disease. 
During this period in which further multiplication of bacilli is retarded, the 
natural defense mechanisms of the host are allowed to initiate processes 
of repair, isolation of the infected areas, and destruction of the pathogenic 
organisms. 

It is generally agreed that in tuberculous infections, streptomycin is pre- 
dominantly a suppressive or bacteriostatic agent, having little bactericidal 
power. During prolonged administration of the drug, it has been observed 
that a large percentage of patients jneld tubercle bacilli that are resistant 
to the action of streptomycin in the test tube. Since it has now been con- 
clusively demonstrated that animals infected with such resistant organisms 
do not respond well to the drug and that, likewise, patients harboring these 
strains are not benefited by further courbcs of the drug, it is obvious that 
this phenomenon of resistance is one of the mapr obstacles to the clinical 
use of streptomycin for tuberculosis. 

In assessing the value of streptomycin in tubeiculosis, and the significance 
of drug-resistant bacilli in patients, host resistance becomes a factor of 
paramount importance. Interruption of the reproductive cycle of strepto- 
mycin-sensitive tubercle bacilli probably leduces certain metabolic and 
breakdown products of the organisms whicli may cause neciosis of tissue. 
This diminution of toxic products manifests itself by an early decrease in the 
volume and the bacillary count of the sputum, a regression of temperature, 
and a feeling uf general well-being of the patient, followed by an improve- 
ment in the x-iay pictuie. Despite these favorable signs, however, many 
living tubercle bacilli may still be embedded deep in the tissues surrounding 
the open aicas that previously were dischai^lng bacilli into the sputum. 
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lhes.e lemaining organisms, regardlc&s of their sensitivity to streptomycin, 
must be u ailed off or removed by the mechanisms of host immunity, in order 
to effect a lasting arrest of the disease. Lacking such host resistance, the 
gains achieved by streptomycin therapy \\ ill l>e only temporary*, uhether the 
bacilli aie sensitive or resistant to tlie drug. 

Methods of Detf.rmixixg Streptoiiycix Sexsitivitv 
Bcfoic the emergence of streptomycin-resistant tubercle bacilli and other 
1 elated phenomena are discussed, the methods employed to determine strep- 
tomycin sensitivity of tubercle bacilli will be reviewed briefly. 

Tlie in Vitro sensitivity to streptomycin of tubercle bacilli may be tested 
in either luiuid or solid media. By cither method, a measured inoculum of 
the bacteria is planted in u scries of tubes of medium containing graded 
amounts of the dnig, as well as in a control tube uithout streptomycin. 

Liquid media 

The Tu cen-albumin medium of Dubos (1), or any other suitable synthetic 
medium, such as the modification of Proskauer and Beck's medium de- 
scribed by Youmana (2), with or without addition of scrum, may be used. 
In the medium containing Tween, growth of the organisms appears as a 
difTuse turbidity, whcieas in u medium without a dispersing agent, growth 
occurs m aggrogatc-s The formula for the Tween-albumin medium should 
contain 0.02 per cent of Tween 80 and O.o per cent of albumin, as it has been 
demonstrated that m the presence of higher concentrations of Tween 80 and 
less of albumin, the action of streptomycin may be cnlianced on certain 
cultuies (3) When this revised fonnula is used, there are no appreciable 
differences m the results obtained with the Tw een-albumin medium and 
with the serum-synthetic medium (4) 

To perform the test, the sputum, or other clinical material, is first cul- 
tuied on a solid medium in the routine manner The resultant growth is 
transferred to the Twccn-albumin medium with a platinum spade and in- 
cubated for about 7 to 10 days A .«pecified amount, u.sually 0.1 ml, of this 
disper.'-ed grow th is inoculated into the senes of tubes of liqind medium con- 
taining streptomycin An alternative method is to grind some of the 
growth obtained on the solid medium m a sterile mortar with phosphate 
buffer, and to inoculate a specified amount of this suspension. The tubes 
arc incubated for 14 days, %%hcn the final readings arc made The sensi- 
tivity 1 '^ e\prcssed as the lowest concentration of streptomycin which pre- 
vents growth. 

tSolid media 

\.ny good solid medium for the giowth of tubercle bacilli may be used. 

In the case of egg-yolk-potuto media, which have to be in&piasateil after 
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addition of stieptomycin, a certain amount of the drug will be destroyed or 
rendered unavailable by adsorption to the proteins in the medium. The 
amount of available streptomycin in the medium, however, may be deter- 
mined accurately by chemical assay from a representative sample of tubes. 
In this manner, it has been determined that bj' adding sufficient strepto- 
mycin to the cgg-yolk-potato-glycerin medium recommended by the Com- 
mittee on Laboratory Procedures of the American Trudeau Society C5), to 
give concentrations of 10, 50, and 500pg/ml, the tubes, when ready for use, 
contain 3 5, 15, and 200 >ig/mJ. Loss of stieptomycin during inspissation 
may be obviated by using an agar-base medium, such as Herrold's egg yolk 
agar (0,7), or the oleic acid agar of Dubos (1). 

The most rapid method of estimating senaitivity is to plant the con- 
centrated and digested sputum directly on a senes of tubes of medium con- 
taining giaded concentrations of the drug and on a control tube without 
streptomycin. With this method, the result may be obtained in 18 to 20 
days in highly positive specimens. On the other hand, if only a few 
colonies appear on the control tube, no accurate comparison can be made 
betueen the control tube and those containing streptom 3 ’cin, and the 
growth must be fuither tested as a pure cultuio in either liquid or solid 
medium. 

Another proceduie that may bo followed is to transfer the bacilli obtained 
from the rontme culluic to Tween-albumin liquid medium, and to inoculate 
the surface of a senes of tubes of solid medium containing streptomycin 
with the lesultant giowth. 

By using these solid medium modifications, a diiect comparison can be 
made between the amount of growth on the control tubes and the amount 
of growth occurring in a given concentration of streptomycin. Thus, the 
relative numbers of sensitive and lesisiant ot'ganisms can bo estimated. 

Strei>to.mycin Sensitivity op Various Strains op Tubercle Bacilli 

The sensitivity to streptomycin of human and bovine strains of tubercle 
bacilli IS remarkably constant. The effect of the drug on the virulent hu- 
man strain, 1I37IIV, is demonstrated in figure 30, uhich shows the turbidity 
in Twcen-ulbiimin liquid medium plotted against days of incubation. 
Streptomycin m a concentration of 0.4 /ig/ml is sufficient to inhibit growth 
complete^’ for 21 days. 

Youmaiis and Karlsoii (2) leported that of 131 human strums tested in 
(he H'uim-rtVnthetic medium, 118 ueie sensitive to l.o ug/nil oi less, 
nmeto3 12, three to 0.25, and onerc(|Uired 12.5 forinliibition. Middlebrook 
and Yegian (8), using T\\ con-albumin medium, found that all of ninety 
human strains were sensitive to I.0;zg/ml or less. In the Trudeau Labora- 
tory (1), ubere the Tnccn-albumin medium was also used, it uas observed 
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Tlicsc icmaining organbrns, regardleba of their tensitivity to streptomycin, 
must be walled off or lemoved by the mechanisms of host immunity, in order 
to elTect a lasting arrest of the disease. I.acking such host resistance, the 
gams achieved by streptomycin therapy will be only temporary, whether the 
bacilli aie sensitive or resistant to the drug. 

Methods of Detkiimin'i.vg Stuei»tomycix Se.vsitivity 

licfoic the emergence of streptomycin-resistant tubercle bacilli and other 
related phenomena are disc»ssc<l, tlie methods employed to determine strep- 
tomycin sensitivity of tubercle bacilli will be reviewed briefly. 

The in vitro sensitivity to sticptomycin of tubercle bacilli may be tested 
m either liquid or solid media. By cither method, a measured inoculum of 
the bacteria is planted in a series of tubes of medium containing graded 
amounts of the dnig, as well as in a control tube without streptomycin. 

Liquid media 

The Tw een-albumin medium of Dubos (1), or any other suitable synthetic 
medium, such as the modification of Proskauer and Beck’s medium de- 
scribed by Youmans (2), with or without addition of scrum, may be used. 
In the medium containing Tween, growth of the organisms appears as a 
difTuso turbidity, whereas in a medium without a dispersing agent, growth 
occurs in aggregates. The formula for the Tw een-albumin medium should 
contain 0.02 per cent of Tween 80 and 0.5 per cent of albumin, as it has been 
demonstrated that in the pretence of higher concentrations of Tween 80 and 
less of albumin, the action of streptomycin maj' be enhanced on certain 
cultures (3). When this revised formula is used, there are no appreciable 
differences in the results obtained with the Tween-albumm medium and 
with the serum-synthetic medium (4). 

To perform the test, the sputum, or other clinical mateiial, is first cul- 
tured on a solid medium m the routine manner. The resultant growth is 
transfcricd to the Tween-albiimin medium with a platinum spade and in- 
cubated for about 7 to 10 days A specified amount, usually 0.1 ml, of this 
di.sperscd grow th is inoculated into the senes of tubes of liquid medium con- 
taining streptomycin An alternative mctliod is to grind some of the 
giowth obtained on the solid medium in a sterile mortar with phosphate 
buffer, and to inoculate a specified amount of this suspension The tubes 
are incubated for 14 days, when the final readings are made. The sensi- 
tivity IS e.xprcssed as the lowest concentration of streptomycin which pre- 
vents growth. 

Solid media 

Any good solid medium for the growth of tubercle bacilli may be used. 
In the case of egg-yolk-potato media, which have to be inspissated after 
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/xg/ral after about si.\ transfers in Tw'cen-albumin medium at lO-da.v 
intervals. 

Tubercle bacilli may also be made icsistant by gi owing the organisms on 
the surface of sjTithetic liquid media and bcriall}’ transferring the pellicle 
of growth to fresh media containing increased concentrations of stieptomy- 
cin. The rate at which drug resistance develops, however, is much slower 
than with the subsurface method of growing the organisms, as it lequiios 
many months to produce even a moderately lesistant strain (4). 

Williston and Youmans (10) were able to increase raaikodly the icsistance 
of fourteen out of eighteen stiains of human, avian, and bovine tubercle 
bacilli in vitro, three strains, hoivevcr, sliowed only a fouifold inciease in 
lesistancc, and one showed only a twofold increase. Twenty human 
strains, as well as the bovine strain, llavcnol, and the avian strain, Kirch- 
berg, were tested at the Tuideau Laboratory (4), and all could bo made 
highly' resistant 

Development of Resistant Tubercle Bacilli Experimentally in Vivo 

In contrast to the rapidity and frequency with which streptomycin-ic- 
sistant strains of tubercle bacilli appear in patients tieated with the diug, 
tubeiculous guinea pigs yield drug-resistant strains raieJy, and then only 
when tieatmcnt has been given for many months. Feldman and his asso- 
ciates (11,12) have reported the finding of stieptoinycin-iesistunt tubeiclc 
bacilli in a total of eight guinea pigs, of which five had been tieaicd w ith the 
drug for 215 daj’s after intravenous infection and three for 140 days after 
subcutaneous infection. In October 1940, Feldman (13) leported, “The 
development by tubercle bacilli of icsistancc to streptomycin in guinea pigs 
treated with this drug has not been observed up to the picsent time in my 
laboraloiy.” This experience was based upon the findings in about 175 
tieatcd pigs. Of this number, however, appioximately 140 liiid been 
treated for GO days or less. 

In icscarches at the Trudeau Laboratory (14,15), no increase m icsis- 
tance to sticptomycin of the infecting organisms was found m eighty-six 
guinea pigs tieated with the drug foi 40 to 72 days. Also, the tubeiclc 
bacilli fiom five pigs tieated for 125 days letaincd their initial sensitivity 
to sticptomycin Resistant organisms weic obtained from two pigs (4), 
one ticateil for 3G0 days and the other for 445 days*. Tliesc animals hud 
been iiifoctcd intracercbrally with sensitive organisms. In one animal, 
however, eultijics from the brain were diug sensitive, wherc.is the cultuics 
from the lungs, liver, spleen, and mgumal lymph node wcic lesistunt. 
In the other guinea pig, tubercle bacilli from the inguinal noiic and the 
spleen weie rcM-staiit, tho^e from the lungs weio sensitive, and the brain 
yicldeil a negative i-iiltme. From these findings, it might be postulated 
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that all of about 250 strains of tubercle bacilli isolated from patients prior 
to streptomycin therapy were inhibited by 1.0 pg/ml or less. The Veterans 
Administration (9) reported on 2,000 patients whose organisms were tested; 
approximately 97 per cent were sensitive to 10 Mg/^l or less, and virtually 
all of these uere inhibited by 1.0 /ig. 

Bovine tubercle bacilli have about the same sensitivity as the human 
bacilli. Of sixteen bovine strains tested by Youmans and liarlson (2), 
fifteen uere inhibited by 1.5 pg/ml or less, and one was sensitive to 3 12. 
A%'ian strains, however, have been found to be approximately ten times 



Fia 30 Effect of streptomycin upon the growth of H37Ilv m Dubo3 medium (33) 

more lesiatant Four out of fourteen avian strains tested by Voumans and 
ICarl&on (2) rctiuiied 25 to .50 pg ml for inhibition, and only three were 
.sensitive to 1 5 or less 

DeVULOPMEXT OF STKEPTOM'VCI.V-IlE&ISTtXT TuUEIiCLE B.iCJELX I.Y VlTUO 
Tubercle bacilli, like other tyjies of microorganisms, can be made highly 
resistant to the action of streptomyem m the test tube. This is easily 
accomplished by gronmg large morula under the surface of enriched liquid 
media containing gradually increased c«nccntr.\tu>ns of the drug. By this 
method, one can produce a htr.iin of H37Uv tliat will grow icadily m 1,009 
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The influence of daily dosage on. development of icsistaiit organisms is 
llustratedby figuie 31. Thiee regimens are compared: 1.8 to2.0gm daily, 
L.O gm daily, and 0.5 gm daily for 120 days. Obviously, there is no signi- 
icant difference in the rate of development or final percentage of lesistant 
mltures. Even with the employment of maximum tolerated dosage of 3.0 
5m daily for 120 days, more than 80 per cent of patients still excietmg 
tubercle bacilli yielded drug-resistant cultures (18). 





turn rcmuii 
data prcscn 
tion, held ii 

cm for 120 ....j. ....... . , 

ninety-si\ treated for 120 da>s >\ jthO 5 gm daily 

The degicc of icsistunce manifested by cultures vaiics widely. In some 
patients a oultuie sensitive to 0.5 pg/ml may be leplaced 7 days later by a 
cultuie re.sistunt to the action of 1,000 Mg/ml (4). In other patients the 
organisms may show giadually increasing icsistancc from week to week. 
This inciea&mg losistunce may continue until the culture becomes lesis- 
tant to 1,000 pg, but it mav stop at any point before it roaches this high 
degree Thus, thci e are patients nho^e cultuics become resistant to 2.5 pig 
and sensituo to 5 0 pg, or rc&istant to CO and sensitive to 125 Mg/ml, and 
remain at that same level of sensitivity dcsi>ite the continuation of tieat- 
nicnt (sec table 18) 

Vsiially. if a patient linishcs lus course of stioptomycin tieatinent with 
sciiaitiie organisms, his eulture.s will continue to manifest susteptibihty 
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that the lesistant organisma were introduced into these animals by way of 
the common syringes and streptomycin vials, since guinea pigs infected with 
drug-resistant tubercle bacilli were being tieated at that time from the same 
vials of streptomycin. In view of this possibility, rigid techniques must 
be employed to eliminate cio&s- infection; otherwise the icsults of such 
determinations of lesistance may be misleading. 

Youmans has studied the development of dnig-iCsUtant strains in 
infected mice treated with streptomj'cin. .Vfter treatment of seventeen 
mice for 35 days (IG), the tubercle bacilli obtaineil from all the animals still 
retained their initial sensitivjiy In a later evperiment (17), it was found 
that, as the daily dosage of streptomycin was increased, and the survival 
time lengthened, the percentage of mice yielding resistant strains increased. 
Thus, with the administration of 375 pg per day, which permitted an 
average survival time of -10 <lays, 22 per cent of the mice had resistant 
strains at death or sacrifice, with 1,500 mS per day, giving an average sur- 
vival time of 132 days, 80 per cent had resistant strains. 

It would appear, therefoie, that the same strains of tubercle bacilli 
become resistant to streptomycin much more readily in the body of the 
mouse than in the body of the guinea pig. This may e.vpiain, at least in 
part, the ability of streptomycin to suppress to a gi eater degree the e.\peri- 
mental disease m the guinea pjg than m the mouse It also poses some very 
inteiesting and fundamental questions as to how and why tubercle bacilli 
become drug resistant in viio. 

STllEPTOMYClN-nLSl&T.\XT ORGANISMS FROM P.VTIENTS 

Although virtually all strains of tubercle bacilli leccntly isolated from 
patients prioi to antibiotic therapy aie sensitive tostieptoniycin, tins sensi- 
tivity is fiequcntly lost during treatment with the drug. The most impor- 
tant factor m determining the emergence of drug-fast organisms is the dura- 
tion of treatment. 

Figure 31 and table 14 show that the percentage of those patients who 
remain positive for tubercle bacilli and yield cultures resistant to 10 or 
moie ng ^ml increases steadily as treatment is continued. 

The initial appeaiance ol dnig-rcsistant cultures may occur at any time 
during theiapy, but the m»'^t frequent pcnotl is from the 4th to the 8th 
week Table 15 shows the time of initial appeaiance of drug-rcsistance m 
31 patients with pulmonary tuberculosis treated w ith streptomycin. More 
than half of these resistant cultures first appeared duiing the 4th to the Sth 
week of therapy, three patients showed no evidence of lesistant organisms 
until the 12th to 10th week 

The earliest appearance of a drug-resistant culture that we know of 
occuiied on the 29th day of thciap> 
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The influence of daily dosage on development of lesistant organisms is 
illustrated by figure 31. Three regimens are compared: 1.8 to 2.0 gm daily, 
1.0 gm daily, and 0.5 gm daily for 120 daj's. Obviously, there is no signi- 
ficant diffeience in the rate of development or final percentage of resistant 
cultures. Even with the employment of maximum tolerated dosage of 3.0 
gm daily for 120 days, more than 80 per cent of patients still excreting 
tubercle bacilli yielded drug-resistant cultures (18). 


w, 



The degice of lesistancc manifested by cuUuios vanes widely. In some 
patients a cultuic sensitive to 0.5 ftg/m\ may be leplaced 7 days later by a 
cuituic re.Mstant to the action of 1,000 Mg/ml (-1). In other iiaticuts the 
organisms may show giadually increasing resistance from week to week 
Ihis increasing lesistance may confmue until the culture becomes lesis- 
tant to 1,000 but it may stop at any point bcfoie it reaches this high 
degree. Thus, there are patients uliase cultuics become resistant to 2.5 Mg 
and sensitive to o 0 Mg, or resistant to CO and sensitive to 125 Mg/ml, and 
remain at that same level of sensitivity despite the continuation of tieat- 
ment (see table 18). 

Usually, if a jjatient finishes his couisc of stieptomyciu tieatiuent with 
i>cnsitive organisms, his cultures will continue to inamfc&t susceptibility 
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Uaitgc of scnsilivit!/ to slrciiUmytiH of luWrcle bacilli isolated froiH iiaticuts niuler trialincnt 
utih / 0 gm of streplwnyeiii daili/ for ^ months (ISO days) (31) 
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to the drug. In rare instances, however, drug-resistant cultures have been 
obtained from such patients some time after the last dose of streptomycin 
has been given (sec table 18). It lias also been obscived that patients who 
yielded negative cultures during treatnient and for some time afterward 
have shown drug-resistant organisms at a later date when their cultures 
again became positive (4,19). 

The sensitivity of tubercle bacilli obtained from one part of the body does 
not necessarily reflect the state of sensitivity of the organisms in other parts 
of the body. For example, in one patient (4) bacilli from the sputum are 
consistently resistant to streptomycin, wherea.s cultures fiom the urine 
made at the same time are sensitive. In the study of autopsy material, 
cultures from various sites in the body usually exhibit approximately the 


TABLE 15 

Duration of Ikcrapi/ at the tune uhen each of SI padcnla first demonstrated 
drug-resisianl organisms (4) 


1 

SUSAIlOK Of TKEMUEN-r 

HCUBEB or I-ATtCMS 

.STUBEt SBOfV'INO UtHIAL AT* 
rrAEANR OF DBOC'BESmANI 
CtrlTUESS 

Uffii 



0- 2nd 

9G 

0 

2Qd- 4th 

06 

6 

4th- fllh 

96 , 

7 

6th- Sth 

1 82 

9 

8tli-l2th 

1 

1 6 

12th-l6th 

1 59 

3 

Total 

31 


same sensitivity, but occasionally the bacilli from separate areas will show 
marked difTeicnccs in susceptibility to the drug. 

To explain these inconsistencies, one must assume that there is either a 
variation in the amount of contact between the bacilli and the drug (as in 
tlio poor penetration of streptomycin into the centers of large, avascular, 
caseous aicus), or that the tissue itself, in which the bacilli are embedded, 
has some mfluence on the development of resistance. 

llusroxsE TO Stiiei'touyclv Tiiur-^py of Animals Infected wtth 
I lESIbr^VNT Org.VNIS.MS 

llic rapidity with wliicli tubercle bacilli acquire tlrug icsistanee, as 
demonstrated by the i?i vitro test, w'as established in the caily researches 
with stroptomycin. This, of course, brought, up the ipieslion of whether 
III i tiro resistance corrcspomled with tn t'lio resistance* and led to the inves- 
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tigation of the effect of streptomycin in tuberculosis produced by resistant 
cultures in experimental animals- It was uniformly discovered that in 
guinea pigs and in mice, infections produced by highly resistant microorgan- 
isms, \\hether from streptomycin-treated patients or from laboratorj* strains, 
did not respond to treatment with the drug (16,12,15). One group of 
investigators (15) reported earlier deaths in the streptomycin-treated ani- 
mals than among the untreated controls infected with tuo different drug- 
resistant strains. 

The effect of streptomycin on tuberculous disease produced in guinea pigs 
by cultures exhibiting various degrees of drug resistance has also been 
investigated (15). 

The results (table 16) indicate that, in general, those cultures uhich 
proved to be resistant to 15 or more pg/ml, as tested in the Tween-albumin 
liquid medium, produced nonresponsive infections, whereas those sensithe 
to 2 5 or less pg/ml usually produced infections amenable to the drug. 
There were, however, some inconsistencies in tiic response of the guinea pigs 
infected with a few cultures of borderline resistance. 

An interesting sidelight to this investigation was the finding that the 
strains of tubercle bacilli used to infect these animals showed no appreciable 
increase in resistance when recovered at the end of the e.xpcnment from the 
treated animals and tested in liquid and in solid media. One might have 
expected that strains which already possessed some degree of resistance 
would show an increase in resistance while residing in the streptomycin- 
treated pigs. 

The data from the studies mentioned (12, 15, 16), as well as some un- 
published obserw’ations (4), indicate that streptomycin-resistant strains of 
tubercle bacilli have essentially the same \'irulenco for guinea pigs and mice 
as do their drug-sensitive parent strains. 

Effect of Streitomycin ox Early Tuberculosis ix Guinea Pigs 

Studies liave been made on the effect of streptomycin on the rate of dis- 
tribution of virulent tubercle bacilli, streptomycin-sensitive and strepto- 
mycin-resistant, from the site of inoculation m the inguinal region of guinea 
pigs (20, 21). It was found that the drug therapy, even though begun 48 
hours prior to introduction of the organisms, had noxiffect on the immediate 
dls^^cmi^atlon of the tubercle bacilli, either sensitive or resistant, throughout 
the body of the infected animal 

The early pathogenesis of the di-seasc in those animals infected with drug- 
sensitive tubercle bacilli and treated with streptomycin was as follows: 
Legions w ere first noted in the iliac nodes after 10 days. Progression of the 
lesions was slow but definite up to 27 days, at which time caseation was 
pre^-'nt -Vt 39 clays, the next sacnfice period, only a few macrophages and 
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TABLE 16 


Slreplomycin treattnent in guinea pigs infected uith SI cultures of tubercle bacilli exhibiting 
intermediate drug resistance tn vitro (15) 


PATIESI 

DAYS or THEATUENT 

m MIKO 
SIEEPTO- 

lliav SEN- 
sm\ii\* * * § 

VESUIISOETZEATUEVror | 
CUIKEA FIGS 

SCNSIttVlTV ' 

or SECOlTaED TV8ERCLE BACILLI 


Ave decree 
o( lubereu- 

Response ol 
treated pigs 

^ Control 1 

Treated 

Con- 

trol 

Treated 

Liamd* 

1 Solid niediurn' 

Liquid 

1 Solid medium 

” ] 

isl 

15 

200 

0 

35 

15 

200 

A. Z 

21 

0.5 

14.6 

1.3 

Excellent 






0.5 

1 

0 

0 

0 


28 

2.5-51 

14.1 

2 9 

Good 

i-2.5ir 

1+ 

0 

0 

0 

2.5-10 

3 

0 

0 

0 


42 

5-10 

15.0 

3 8 

Good 

2 5 

3+1 

0 

0 

0 

10-30125 

25 1 

15 

0 

E C. 

7 

0,5 

13.1 

1.0 

Excellent 

1 0 

3+ 

0 

0 

0 

Cultures negative 



22 

2 5-5 

15.0 

10 8 

, Poor 

5 0 

15 

2 ■ 

0 

0 

10 

1 ^ 

1 1+1 

0 

1 ® 


22 

1 2 5-5 

12 6 

11 2 

I'oor 

5 0 

5 

3 

0 

0 

5-10 

Il6 

1 0 1 

0 

1 0 

W. B. 

23 

0.5 

14 0 

2 8 

Good 

l.O 

6 

0 

0 

0 

Cultures negative 



8^ 

1 2 5-5 

14.1 

13 0 

None 

2.5-10 

4+ 

1+ 

0 

0 

1 5.0 

112 

1 1 

0 

0 

R. II 

4S 

0.5 ' 

14 0 

2 3 

Excellent 

1.0 

3+ 

0 

0 

0 

0 5 

2 

i 0 

0 

0 

II. Q. 

32 

1-2. S 

U.O 

0 3 

Fair 






2 5 

3 

Ct|l 

0 

0 

A. F. 

97 

1-2.5 

14.5 

10 0 

Poor 

2.5 

1+ 

0 

0 

0 

25 

5 


0 

0 

D. F 

120 

2 5 

14.5 

0.2 

Fair 

1-2 5 

2+ 


0 

1 0 

2 5 

1 3 

1 ct 

0 

1 0 

M. K 

31 

2 5 

13 C 

1 9 

Excellent 

0.5-1 

‘+i 

0 

0 

0 

Cultures 

negative 


T. C 

42 

2.5-5 

15 5 

10.7 

Poor 

1 0 ' 

1 ' 

0 

0 

, 0 ' 

10 1 

25 

1 7 1 

0 1 

1 ^ 

G. D 

37 

5 0 

14.5 

9 8 

Poor 

2 5-5 

3+ 

1+ 

0 

1 0 

5 0 1 

1 2+ 

1 1 + 1 

0 : 

1 0 

E. L. 

47 

10 

12.6 

1 5 

Excellent 

0 5-1 

30 1 

0 1 

0 

0 

Cultures negative 


M. p. 

117 

10-15 

14.5 

10 5 

Poor 

10 1 

Ct : 

1+ 

0 

0 

10 1 

15 1 

1 1 

0 

0 

E. B. 

45 

15-30 

14.5 

11 C 

Poor 






60-125 


1 1+30 1 

0 

N. M 

65 

1 30-60 

13.6 

13 

Xone 

30-60 

3+ 

2+ 

10 

0 

!g0-123' 

3+ 

1 2+ 

1+j 

1 0 

L. L. 

103 

1 125 

15.4 

12 5 

Poor 

125- 250 

2+; 

2+' 

30 

0 

1 i 

2+ 

: 1+ 10 

0 

J T. 

12C 

1 250 

12 4 

13 2 

None 

500-1000 

2+ 

2+ 

2+ 

1 

1000 1 

3+1 

2+; 

2+! 

0 


* Lo\\cst concentration of streptomycin inhibiting growth for 14 days in T\\ccii*albu* 
miQ medium Concentrations used were: 0 (control), 0 5, 1 0, 2 5, 5 0, 10, 15, 80, 60, 125, 
250 , 500, and 1,000 pg/ml. 

t Based on a maximum of 10 for each animal (4 each for the lungs, liver, spleen, and 
bmph nodes). 

t Streptomycin Mas incorporated into the modified Committee Medium in concentra- 
tions of 10, 50, and 500 *ig/ral After sterilization and inspissation of the solid medium, 
the actual concentrations of available streptomycin by chemical analysis were 3 5, 15 and 
200 pg/ml. The animal tissues, after digestion and concentration, were planted on a scries 
of these tubes containing streptomycin, as well as on two tubes of the plain medium. 
Growth is expressed in terms of I to 4+. If fewer than 50 colonics appeared, the actual 
number of colonics is recorded in the table. An average value for the positive cultures in 
each group is given. 

§ lYhcn two v.ilucs appear, they indicate the range of results on repeated tests of the 
same culture. 

Where two values appear, they indicate the range of sensitivities for all the positive 
cultures obtained from the group of animals 

11 Culture contaminated. 
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tigation of the effect of streptomycin in tuberculosis produced by resistant 
cultures in experimental animal'?. It was uniformly discovered that in 
guinea pigs, and in mice, infections produced by highly resistant microorgan- 
isms, whether from strcptom>’cb-treated patients or from laboratoo’fetrains, 
did not respond to treatment tvifli the drug (10,12,15). One group of 
investigators (15) reported earlier deaths in the streptomycin-treated ani- 
mals than among the untreated controls infected uith two different drug- 
re&istant strains. 

The effect of streptomycin on tuberculous disease produced in gtiinea pigs 
by cuk\ires exhibiting ^’arious degrees of drug resistance has also l^n 
investigJited (15). 

The lesults (table 16) indicate that, in general, those cultures which 
proved to be icsi.'jtant to 15 or more /*g/ml, as tessted in the Tween-albumin 
liquid medium, produced nonresponsivc infections, whereas tho&e sensitive 
to 2.5 or less ;ig/ml usually produced infections amenable to the drug. 
There weie, however, some inconsistencies in the rctponsc of the guinea pigs 
infected with a few cultures of borderline re.^^^ta«^'’ 


.« ivsjsiahte wnen lecovered at the end of the experiment from the 

treated animals and tested in liquid and in solhl media. One might have 
expected that strains which already po*scssed some degree of resistance 
would show an increase in resistance while residing in the streptomyem- 
treated pigs. 

The data from the studies mentioned (12, 15, 16), as well as some un- 
published observations (4), indicate that streptomycin-resUtant strains of 
tubercle bacilli have essentially the sanie tnrulence for guinea pigs and mice 
as do their drug-sensitive parent strains 

Effect of STnEPTOinciN on BtnLV Tudekculosis in GuiNe.t Pros 

Studies have been made on the effect of streptomycin on the rate of dis- 
tribution of virulent lubeide baedh, streptomyc/n-sensitive and strepfo- 
mycin-rcfcistant, from the site of moculattoa in the inguinal region of guinea 
pigs (20, 21) It was found that the drug therapy, even though begun 48 
hours priorlo introduction of the organisms, had noeffect on the immediate 
distemmaiion of the tubercle bacilli, cither sensitn e or resistant, throughout 
the body of the infected animal 

The early pathogenesis of the disease in those animals infected with drug- 
■seufeitivc tubercle bacilh and treated with streptomycin was as follows: 
Lesions weic first noted in the iliac nodes after 10 days Progression of the 
lesions was sio\v but definite up to 27 daj-s, at which time caseation was 
ifc-ent At 39 daj'S, the next fcacnfice period, only a few macrophages and 
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TABLE 17 — Continued 


PAIIEM 


1 UON'7HS 

DEEP 

FREEZE 

GROWTH 
MEDim 1 

CtOHTII IS* 
THEEN ALBLUIV 

UQiiD uecau I 

SIREPTO- 

mciN 

SEKSIimi^* 

OEIGIVAL 
' STBEPIO 
UAav 

SESsm\n\* 

Y.S. 1 

Sept. 16, 1946 ! 

22 

Fair 

Good 

0-1.0 

1000 (14) 


Oct. 18, 1946 

21 

Excellent 

Excellent 

1000 (5) 

1000 (11) 

1 

Nov. 20, 1946 1 

20 

Excellent 

Excellent 

1000 (4i 

1000 (oi 


Dec. 11, 1946 I 

19 

Good 

Good 

1000 (4) 

1000 (4) 


Jan 17, 1947 | 

, 18 

Good 

1 Good 

1000 (6) 

1000 (7) 


* Figures in parentheses are the daj'S on. which, growth nas first obseivcd in the 
tube containing 1,000 pg/ml of streptomycin. 


a small aiea of scar, tissue were present. In the spleen, foci of macrophages 
uere observed m the malpighian bodies at 21 dai's, but not before or after 
this period. At 27 days, small groups of macrophages and a few epithelioid 
tubercles m ore observed m several of the lymphoid foci in the lungs. At 39 
days, both these and the lymphoid foci were absent, and the lungs appeared 
to be normal. It is apparent, then, that despite streptomycin therapy, the 
tuberculous lesions progressed for about 27 days, then regressed, and at 39 
days the only lesions obseiwed were a few' macrophages and a scar in the 
iliac node. In marked contrast, the untreated controls showed rapid, con- 
tinuous progi'e&sion of the lesions in the lymph nodes, spleen, liver, and lungs. 

In the animals that were infected with streptomycin-resistant organisms, 
lesions developed in the various organs at the same intervals after infection 
and progressed at similar rates m the treated as in the control animals. In 
many instances, there appeared to be fewer Langhans’ cells associated with 
the lesions in the treated animals than in the controls, but no gross and no 
other histological distinctions could be made between the two groups. 

It w ould appear that m the guinea pigs infected with streptomycin-sensi- 
tive microorganisms and treated with streptomycin, it was not until the 
animals had acquired a skm sensitivity to tuberculin that regiession in the 
lesions took place It is known that tuberculin hypersensitivity and ac- 
quired host resistance appear almost simultaneously (22, 23) It is as- 
sumed, theicfore, that some host resistance developed at this time. Thus, 
the cessation of progression and the appearance of a regressive tendency of 
the lesions in the treated animals coincided with the development of ac- 
quirc<l host resistance. 

pERMANEKCE OF StKEPTOMYCIX ReSIST.^XCE 

Streptomycin resistance of tubcicle bacilli, once acquired, is usually a 
relatively permanent characteristic In tubercle bacilli subculturcd at 
frequent intervals on soIkI or liquid medium, and in cultures kept in the 
deep freeze, resistance has been maintained for 2 years 



TABLE 17 


liesulls of viability and streptomyein aensilivity of forty originally streptomycin- 
resislant cultures taken from the deepfreeze (4) 


PArlENT 


ifovras 
!'< rax. 

imzE 

on SOUD 
ucaiL'v 

CtOlTTH E( 
TVSEV-ALBCVCi 

I1QC1& UEDICU 

SE.VMTOTtX' 

OtlCtXAL 

SEVSlttVITX* 

F.B. 

Oct. 17, 1946 

21 

Good 

Poor 

1000 (6) 

1000 (14) 


Xov. 20, 1946 

20 

Excellent 

Contaminated 

1000 (12 

) 1000 (13) 


Dec. 12, 1946 

19 

Excclleat 

Fair 

1000 (5) 

1000 (8) 


Jan. 15, 1947 j 

18 1 

Excellent 

Good 

1000 (4) 

1000 (8) 

W.E 

Oct. 18, 1946 

21 

Good 

None 

1000 (5) 

30-60 


Xqv 20, 1946 

20 

Excellent 

Good 

1000 (6) 

lOOO (7) 


Dec. 12, 1946 

19 

Excellent 

Excellent 

1000 (6) 

1000 (6) 


Jan. 17, 1947 I 

IS 

Excellent 

None 

1000 (4) 

1000 (6) 

i 

Feb 14, 1947 

17 

Good 

Excellent 

1000 (51 

1000 (7) 

EG. ' 

Feb 14, 1947 ! 

17 

Good 

Good 

1000 (lOj 

1 1000 (12) 


Mar. 22, 1947 

16 

Good 

Good 

1000 (4) 

1000 (S) 

JG 

Feb U, 1947 

n 

Excellent 

Excellent 

1000 (5) 

1000 (S) 

J.L 

Nov 20, 1946 

20 

Good 

Poor 

1000 (5) 

1000 (3) 


Dec 12, 1946 

19 

None 

None 

— 

1000 (6) 


Jan 17, 1947 

18 

Excellent 

Excellent 

1000 (4) 

1000 (6) 


Feb 14, 1947 

17 

Excellent 

1 Good 

1000 (4) 

lOOO (6) 

W.L 

Feb 2G, 1947 1 

ici 

Excellent 

Excellent 

lOOO (12) 

30-60 


Apr 2, 1947 \ 

I5J 

Excellent 

Excellent 

1000 (7) 

1000 (6) 

EM 

1 Nov. 20, 1946 ^ 

20 '• 

Good 

None 

250-1000 

60-125 


1 Dec 12, 1946 

19 

Excellent 

None 

125- 250 

60-125 


, J.'in. 17, 1947 

IS • 

Fair 

None 

12^ 250 

125-250 


Feb 14, 1947 j 

17 

Excellent 

None 

125- 250 

60-125 


Mar 22, 1947 

16 

Excellent 

Good 

1000 (9) 

GO-125 

OM 

Dec 11, 1946 

10 

Fair 

Good 


1000 (7) 


Feb 14, 1947 

17 

Excellent 

Good 

lOOO (6) 

lOOO (9) 


Mar. 19, 1947 
July 20, 1947 

16 

Excellent 

Excellent 

1000 (7) 

1000 (0) 


Post *1 

12 

Excellent 

None 

1000 (6) 

1000 (6) 


1 Post #2 

12 

None ' 

None 

— 

30-60 


Post H 3 1 

12 

Excellent 1 

None 

1000 (4) 

1000 (0) 


' Post » 4 

12 

Good i 

None j 

1000 (5) 

1000 (6) 


Post It 5 

12 

Good 

Good 

1000 (5) 

1000 (5) 

JT 

Sept. 16, 1946 

22 

Good 

Fair 

2 5-5 

15- 30 

Dec 11, 1946 

19 

Excellent 

Poor 

2oU-oOU 



Jan 17.1947 

IS 

Excellent 

Good 

125-250 

00-125 


Feb. 14, 1947 

17 

Excellent 

Good 

125-250 

GO-125 
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TABLE 18 


V'oUow-xip of slreploimjcin sensitivity of tubercle bactUi from patients after conclusion 
of streptomycin treatment (4, 19) 


pAnz\-T 

SENSm\ITV ArlEk cou- 
PLETIOV or THERAPY 

UONIHS ArXEB 
TUAtKEM 

SESSmVlTT 


^t/ml 



WE 

>1000 

20 

j >1000 

J.K. 

>1000 

15i 

1 >1000 

J.G. 

>1000 

14 

>1000 

P.C. 

>1000 

11 

>1000 

G.H. 

>1000 

11 

>1000 

J.L. 

>1000 

10 

>1000 

Y.S. 

>1000 ' 

1 

>1000 



4 

0.5 



8 

0.5 

EM 

123 

4 

125 to 250 



9 

250 



17* 


1 125 





1 2 . 250 

13. >1000 

[4 >1000 

A.D. 

13 to CO 

15| 

30 

L.L. (ur) 

125 

18 

230 

CB. 

125 

12 

125 

T J 

CO to 123 

10 

250 

M C 

GO to 123 

C 

30 



8 

2 5 



10 

0.5 

M.M. 

125 to 250 

4 

1.0 



7 

0.5 

F A 

GO to 125 

G\ 

250 



m 

15 



15* 

2 5 

JT. 

30 

Gi 

' 125 

c.s 

1.0 

1 

l.O 



2 

GO 



4 

30 




GO 



S 

GO 



Hi 

5.0 


• ludicalca cultures obtained at autojisy. 
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Table 17 prctcnts the lesults obtained when forty cultures of var}’ing de- 
grees of le&istance, which liad been kept in the deep freeze up to 22 months, 
were subcultured and tested for streptomj'cin sensitivitj' (4). Only two 
of the cultures failed to grow. AVith one exception, there was no appre- 
ciable loss of drug resistance during the stay in the deep freeze. The ex- 
ception was the Y. S. Sept. 10, 1940 culture, which became completely 
sensitive again, after liaving once been resistant to 1,000 pg/ral. Jn ad- 
dition to losing Us i-esistance in the deep freeze, this culture was aho noted 
to be sensitive again after about 3 months of transfer on solid medium. 

Streptomycin resistance is also retained in vivo. X highly resistant H37 
Rv cultuic lost none of its resistance after 8 montlis of repeated testicle 
passage in guinea pigs (24). 

Table 18 presents the follow-up of drug resistance of tubercle bacilli ob- 
tained from patients after the conclusion of their treatment with sticptomy- 
cin. The first group of six patients demonstrates the usual finding of 
highly resistant cultures 1 to 2 years later. Patient Y. S , however, illus- 
trates the rare instance in which cultures may revert to sensitivity again 
after the patient has yieUlcil organisms resistant to 1,000 ;ig/nil at one 
time. 

The next group of five patients represents those whose cultures had ac- 
quiied an intermediate dogice of icsistance, which remained relatively con- 
stant on repeated isolations for many months. Two of these patients con- 
tinued to produce organisms of about the same resistance despite second 
courses of streptomycin Tlie results of sensitivitj* tests of cultures from 
M C , Jl. M , and F. X. demonstrate that certain patients who yield cul- 
tures of intermediate resistance duriag therapy may produce strains of 
deci easing icsistance as time goe.*' on This has been observed with greater 
frequency in this group of patients than in those who yield tubercle bacilli 
of high resistance (more than 1,000 #ig/ml) during treatment. 

The last tw o patients illustrate the unusual occurrences of the appearance 
of resistant strains for the hrst time, and the production of strains of in- 
ci eased ic'istance, after slieptoinycm therapy had been discontinued. 

XATl'ltVLLV Ocri RIUNG StKLPTOMYCIX-IIESISTANT A'^.tKIANTS 

It has been repeatedly demonstrated tliat a small number of tubercle 
bacilli m a given culture may naturalh' possess a relative resistance to the 
actionof Streptomycin (7, 2.), 2U, 27. 28), even lliough the culture as a whole 
is hi<^hly sensitive. Pyle (2o) found some of these isolated resistant var- 
iants m the sputa from .s?\en of eight patients Each of these seven pro- 
duced a small number of colonies on plates of medium containing o and 10 
pfT of streptomycin per mdhlitcr. but no colonies appeared in mctJium con- 
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TABLE 19 


Naturally resistant colonies of tubercle bacilli on committee medium, repeated cultures 
on patients who ncier had contact with streptomycin; sputum planted directly 
on senes of streptomycin tubes (4) 



NUMBER OF 
POSITINE 
CULTURES 

DEGREE OF 
FOSlTIMTY 

1 KUUBEA OP 

CtLTUIES SHOWtKC 
HO COLONIES IN 
S’ULQH TUBES 

1 NUMBER OF I 

WSTRIBUnoH OP 
i RESISTANT COLONIES 

COLONIES IV 
S'UVCTN TUBES 

Number j 

Strepto- 

centration 

1 

g 

4+ 

7 


6 

1 1 

Mg/ce 

3 5 

3 5 

2 

10 

4+ 

9 

1 

2 1 

3 5 

3 

9 

3+ to 4+ 

9 

0 



4 

10 

4 4 + 

1 3+ 

3 2+ 

1 28 col 

1 3 col 

10 i 

0 , 

1 
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taining 25 or more Mg/ml. She eslimatcd that these relatively resistant 
variants “occur infrequently, possibly once in several thousand times.” 

Youmana and Williston (28) found isolated streptomycin-resistant var- 
iants in cultures from nine of fourteen patients. Of the thirteen colonies 
obtained, four were lesistant to 100 or more ng/m\ and four were resistant 
to 25 or 50 Mg/ml. Their studies were carried out with recently isolated, 
pure cultures of tubercle bacilli. 

Yegian and Vanderlinde (27), working with pure cultures of H37Kv, 
discovered that about 0 out of 100 billion organisms w ere resistant to 1 fig/ 
ml, and only about 1 5 out of 300 billion were resistant to 100 ng/m\. 

In a study from Trudeau Sanatorium (-4), specimens of concentrated and 
digested sputum from sixty-thiee patients were each planted on a scries of 
tubes of solid medium containing 3 o, 15, 30, 200, and 500 pg/ml of strep- 
tomycin, and on two control tvibcs without streptomycin. All the cultures 
were highly positive. Fifty-four (80 per cent) showed no growth m any of 
the tubes containing streptomycin, and nine (14 per cent) produced one or 
more colonies in the streptomycin tubes. Of the nine cultures that demon- 
strated these variants, eight pioduccd only one to three colonies in the tube 
containing 3.5 pg/ml of streptomycin, and one culture produced three 
colonics m3 5 >tg/ml, two colonies in 30 pg/ml, and one colony in 500 fig/ral 
From these results, it appealed that some patients might produce cultures 
containing more resistant vanants tlian others. To c.vtend further these 
observations, repeated cultures at frequent intervals were obtained from 
thirteen patients, most of whom had highly positive specimens regularly 
(4). The results are shown in tabic 19 

It will be seen from the above tabic tliat 78 per cent of the cultures show cd 
no growth in any of the tubes except the controls, whereas 22 per cent pro- 
duced colonies in the sticptomycin tubes. Most of the cultures that con- 
tained resistant variants came from two patients, numbers G and 7. .\.l- 
most all the variants appeared in the tube containing 3.5 #ig/ml. Only two 
colonics out of 109 cultures were able to grow on the medium containing 
15 Mg/ml 

Sensitivity tests m Tween-albumin medium were performed on forty- 
seven of the isolated vanants tliat had appeared in the 3 5 pg/ml tube (4). 
Tw’o proved to be sensitive to 1 0 ten to 2.5 Mg/ml, twenty-three 

to 5.0, nine to 10, and three to 250 or moie (ig/ml. Of the two colonics 
from the 15 pg/ml tube, one was sensitive to 250 fig/ml m liquid medium, 
and the other w as resistant to 1 ,000 

These results indicate that the number of relatively resistant variants of 
tubercle bacilli, as dctermmetl by direct inoculation of solid medium with 
the processed sputum, is very small, and that certain patients show those 
variants with greater regularity than other. It remains to bo seen nhctlicr 
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pendent tubercle bacilli. A number of factors involved in this problem, 
which have an important bearing on the usefulness and the limitations of 
stieptomycin as a therapeutic agent in tuberculosis, are discussed. 

If the obstacle of streptomycin resistance could be overcome, the efficacy 
of the diug would be markedly incieased. Investigations aie now in prog- 
ress to deteimine whether intermittent administration, or combination of 
streptomycin with such tubei culostatic agents as the sulfones or para- 
aminosalicylic acid, will delay the onset of streptomycin icsistance. The 
shortening of a course of therapy for pulmonary tuberculosis to 4 or 6 weeks 
is already becoming standaid practice to diminish the number of resistant 
strains, although it is realized that this limited period of treatment may 
not pioduce maximum lesults. 

Further investigations sliould be made of the sensitivity of tubercle bacilli 
recovered from tissues lemoved at autojisy from various sites and types of 
lesions, along with caioful micioscopic examination of the tissues from which 
the organisms are isolated. The results of such observations may reveal 
whether icsUtant organisms emerge moic readily from one type of lesion, 
or from one type of tissue, than fiom another. 

The great variation in tlic development of diug-iesistant tubercle bacilli 
exhibited by a large group of patients demands further study. Preliminary 
impressions derived from researches in the factors involved m this variation 
indicate that the location and the type and the extent of disease play an 
impoitant role. For example, patients who have definite pulmonary cavi« 
talion arc more likely to produce resistant cultures than are tlioso without 
cavity (4, 32), and those who start tieatmcnt with high bacillaiy count in 
the sputum (Gaffky IV to X), show' an increased tendency to yield drug- 
lesistant cultures during stieptomycin therapy over those patients with but 
few organisms in the sputum (Gaffky O to III) (4). Also, tubercle bacilli 
lodged in the central nervous system become lesistant less leadily than do 
those in the lungs. 

What is the mechanism involved in the emergence of drug-iesistant cul- 
tures 171 VIVO? Is It mciely a selective propagation of stieptomycin-resistant 
variants that arc already present m small numbers in any population of 
organisms — the sensitive mdivuluals being eliminated by virtue of the sup- 
pressive action of the antibiotic? Tlie data presented in this chapter would 
indicate that the problem is more complicated than this supposition would 
suggest 

Futhcr study of the tendency of strcptomyein-resistunt tubeiclc bacilli 
to ctneige readily in humans and mice, as contrasted with the infre<iuency 
of their appearance in guinea pigs, may lead to a better understanding of 
drug resistance. 
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these particular patients, uhen given stncptomi'cm, will yield drug-resistant 
cultures more rapidly and with greater uniformity than others. It was 
demonstrated that cultures from the two patients, numbers 6 and 7, pre- 
viously referred to, became resistant in vitro at the same rate as thotc from 
other patients in the study (4). 

Williston and Youmans (10) reported on the correlation between the 
development of resistance in seven patients treated with streptomycin, and 
the ease with uhich the tubercle bacilli isolated from each patient J^efore 
treatment could be made resistant in vitro. All seven eventually yielded 
streptomycin-rcsislant strains, but the organisms from only three of them 
acquired the ability to grow in more than 1,000 ag/ml after prolonged ex- 
posure to the drug in vitro; the pretreatment cultures from three of the 
patients acquired only fourfold increase in resistance, and the bacilli from 
one patient weie sensitive to oO pg/ml after m vitro exposure for lOO days. 

STnKPrOMVCIX-DEPEXPENT \^^niAXTS 

It has been observed that many different types of bacteria produce var- 
iants that are dependent on streptomycin for their growth. Vegian and 
Budd (29) have reported such dependent s'ariants in a culture of J/. ranae, 
an acid-fast microorganism originally isolated fiom the liver of a frog. 

Spcndlove and others (30) reported that they had isolated a strain of J/. 
tuberculosis var homtnts the growth of which \\as markedly enhanced by 
the presence of streptomycin. This strain came from a patient nith pul- 
monary tuberculosis on the 90th day of tlierapy with the drug. .Vnother 
culture from this patient, obtained 4 months later, again revealed better 
growth on media containing streptomycin than on media without the drug. 
Guinea pigs infected with this streptomycin-enhanced culture and treated 
with the drug, succumbed sooner than the untreated controls (35). 

I^cnert and Hobby (31) found what they considered to be streptomycin- 
dependent organi.sms from thiitccn of 190 mice infected with the H37Rv 
strain and treated with streptomycin for 31 days. 

Although these reports indicate tliat dependent tubercle bacilli may bo 
found, their occurrence is evidently verj' rare. At the Trudeau Labora- 
tory (4), several thousand cultures isolated from patients during and after 
streptomycin therapy have been tested for drug sensitivity, yet no clear-cut 
instance of dependency has been observed. 

Disrussiox 

This chapter piescnts an evaluation of the data so far a\’aiiable concern- 
ing the emergence and the significance of streptomycin-resistant ami -do- 
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pendent tubercle bacilli. A number of factors involved in this problem, 
which Iiave an important bearing on the usefulness and the limitations of 
streptomycin as a therapeutic agent in tuberculosis, arc discussed. 

If the obstacle of streptomycin lesistance could be overcome, the e/Jicacy 
of the drug would be markedly inciea&ed. Investigations aie now in prog- 
ress to determine whether intermittent administration, or combination of 
streptomycin ^\ith such tuberculostatic a^nts as the sulfones or para- 
aminosalicylic acid, will delay the onset of streptomycin lesistanee. The 
shortening of a course of therapy for pulmonary tuberculosis to 4 or 6 weeks 
is already becoming standard practice to diminish the number of resistant 
strains, although it is realized that this limited pciiod of treatment may 
not produce maximum results. 

Further investigations should be made of the sensitivity of tubercle bacilli 
recovered from tissues removed at autopsy from vaiioiis sites and types of 
lesions, along uith careful mici'oscopic examination of the tissues from which 
the organisms arc isolated. The results of such observations may reveal 
whether resistant organisms cmeige more readily from one type of lesion, 
or from one type of tissue, than fiom another. 

The great variation in the development of drug-resistant tubercle bacilli 
exhibited by a large group of patients demands further study. Preliminary 
impressions derived from researches in the factors involved in this variation 
indicate that the locution and the type and the extent of disease play an 
impoitant role. For example, patients who have definite pulmonary cavi- 
tation aie more likely to produce resistant cultures than aie those without 
cavity (4, 32), and those who start treatment with high bacillary count in 
the sputum (Gaffky IV to X), show an increased tendency to yield drug- 
resistant cultures during streptomycin therapy over those patients with but 
few organisms in the sputum (GaUky O to III) (4). Also, tubercle bacilli 
lodged m the central nervous system become resistant less readily than do 
those m the lungs. 

What is the mechanism involved in the emergence of drug-resistant cul- 
tures in mv/ Is it merely a selective propagation of stieptomycni-resistant 
variants tliut are already present in small numbers in any population of 
organisms — the sensitive individuals being eliminated by virtue of the sup- 
pressive action of the antibiotic? The data presented m this chapter would 
indicate that the problem is moic complicated than this supposition would 
suggest. 

Father study of tlie tendency of streptomycin-resistant tubercle bacilli 
to cmeige reailily in humans and mice, as contrasted with the infrequency 
of thtur appe.ininco in guinea pigs, may lead to a better understamling of 
drug resistance. 
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Chapter 12 

THE MODE OF ACTION OP STREPTOMYCIN 


Stieptoraycin^ is a complex oiganic substance which in low concentrations 
exhibits a xemarkable antimicrobial action against many bacteria. The 
mechanisms by which this agent acts on the bacterial cell are not Icnoxvn. 
Aside from a purely didactic interest which may exist in these mechanisms, 
there is a possibility that their elucidation may be useful in development 
of better chemotherapeutic agents and possibly may indicate more efficient 
uses of streptomycin itself. 

Our present Icnowledge concerning the mode of action of streptomycin is 
fragmentary. Relatively few investigations have been planned specifically 
to gather infoimation on this subject. Nevertheless, many observations, 
made incidental to other problems under study, seem pertinent to the over- 
all picture. It must bo recognized in evaluating these studies that the ex- 
treme complexity of the living cell and the interdependence of its functions 
m certain instances make it difficult, and indeed hazardous, to draw con- 
clusions concerning appaient cause-effect relationships. 

Factors Influencing Streptomycin Activity 
The activity of streptomycin is influenced by its concentration and by 
environmental variables. To evaluate critically data beaiing on the mode 
of action of stieptomycin, it is essential that the effects of these variables 
be understood No evidence has been forthcoming to indicate that the 
mode of action of streptomycin against susceptible bacteria js different in 
ni’o from that vi intro, and usually it is assumed tacitly — an assumption 
which conceivably may be m error— that chemotherapeutic drugs have the 
same mode of action under both conditions 

* It hiis been suggested (1) that the term slrcplomyctn bo reserved for N-nietbyl- 
L glucosaminido-streptosido-slrcptidine, the predominant form of several closely 
related substances found in streptomycin concentrates The great majority of work 
leviewed in this chapter was carried out with preparations, the chief antibiotic 
prinnji.il of w Incli wan undoubtedly “streptomycin,” but iiliicli also contained vary- 
ing amounts of other forms of i»treptom>cin and undefined impurities Unless other- 
wise siiecificd, sfrrplomycin as used in this review refers to these partly purified con- 
centrates 
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Comcnlration of streptomycm 

All other environmental vaiiables being constant, the activity of strep- 
tomycin varies directly with concentration. It has been observed that the 
rate of increase in number of bacteiia begins to decrease at a certain con- 
centration of stieptomycin and continues to decrease as the concentration 
of streptomycin is incieased. This may be e.\plained, on the one hand, on 
the basis tliat the mean generation time (the average time for one cell di- 
vision) is affected bj’ stieptomycin, the time increasing with increasing 
concentrations of the antibiotic. On the other hand, since the suscepti- 
bility of individual cells to streptomycin varie^ over a vside mnge, it is 
conceivable that at the concentration of the antibiotic in which the inhibi- 
tory effect begins to appear, division of the most sensitive cells is completely 
blocked, and as the concentration of.streptomycin is increased, moie and 
more cells are inhibited. Tlic effect of tlic concentration of drug would be 
apparent rather than leal if the latter explanation nere correct for strep- 
tomycin. Sucii a noarly-all'or-none effect is e.vertcd by ceitain cell inhibi- 
tors, appaiently by affecting primarily the lag phase of gronth. Because 
of the difficulty in observing division of individual bacterial cells, one can- 
not easily determine winch, if either, of these c.xplanations may be correct. 
Data compatible with the hypothesis that stieptomycin may prolong the 
lag phase of the bacterial giowth cycle have been presented (2). This is 
a crucial point bearing on the mode of action of streptomycin and deserves 
further study (fig. 32), 

Size of vioculum 

Aside from concentration of the drug, one of the most important factors 
influencing the activity of streptomycin jn intro, and presumably in mo, 
is size of inoculum (fig. 33) Tlie larger the size of the inoculum, the 
greater the concent latiori of streptomycin lequired to inhibit multiplication 
completely (2, 3) Thi<5 is due apparently to the fact that in any bacterial 
population theic i.^- a wide lungc of sensitivities to stieptoin 3 'cinj indeed, 
this range i.s probably greater for streptomj'cm than for any other cellular 
inhibitor studied to date Bacteria do not produce an antagonist for strep- 
tomycin, stieptomycin is not destroyed m their presence, nor is a significant 
amount of streptom.vcm removed from the medium during growth (2, 4)- 

Ennronmental constituents 

Streptomycin is adsoibcil by vanous substances, including unknown con- 
stituents of certain cultiiie media (.">), unidentified constituents of blood 
scrum and plasma (o), <-ellulo'»e. oxidized cellulose (G), and desox-j’nbonu- 
cleic acid and thj'monucleoprotein (G. 7) Such adsorptions can affect the 
activity of the dn'K only m-ofai as thev lethice the concentration of free 
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streptomycin in the medium. Since these reactions are only partial, other 
variables must be in proper lelationship for the adsorptions to be critical 
for bacteriostasis. This fact may account in part for the conflicting reports 
on the antagonistic effect of serum (2, 4, 8). 



Fig 32 The effect of varying concentrations of streptoinj cm on its antibacterial 
action (S) 

It is iccogiiizetl fhiit the value of stieptomyein lies in its ehemothera- 
jH-ut 1 C activity in vivo. Tlie effect of scium and other l)ody fluids theie- 
foic. of pimiaiy importance (table 20). Oiiginal reports on streptomycin 
suggested that buhstiiiKcs niaj’ be prciscnt in the body which inhiliit to some 
e\tent the influence of btreptomyeiu on S. Ujphoi>a. In vitro studies, how- 
<‘\or. iiuhc.aled that 10 per cent nonnal human berum enliunced the h.xc- 
teno^tatu• action of sticptomycin on this> orgiinlsm (4). In like manner, 
It has bi'on ohsened liy Bei kman cZ n/. (2) and othei.s, working with btrains 



198 


ANTiniCTERrAL ASD PHARMACOLOGIC 


Concentration of streptomycin 

other environmental variables being constant, the activity of strep- 
tomycin varies directly with concentration. It has been ohsen-^ tJiat the 
rate of increase in number of Ijactcria begins to deciease at a certain con- 
centration of stieptom 3 'ciii and continues to decrease as the concentration 
of bireptomyem is increased. TJiis may be e-vplained, on the one hand, on 
the basis tliat the mean generation time (the average time for one cell di- 
vision) IS affected b}* streptoni 3 -cm, the time increasing with increasing 
concentrations of the antibiotic. On the other hand, since the suscepti- 
bility of individual cells to slieptomj'cm varies over a wide range, it is 
conceivable that at the concentration of (he antibiotic in which the inhibi- 
tory effect begins to appear, division of the iiioat sensitive cells is completely 
blocked, and as the concentration of streptomycin is increased, more and 
more cells are inhibited. The effect of (he concentration of drug would be 
apparent rather than real if (he latter axplanation were conect for strep- 
tomycin. Such a nearl^'-all-or-iione effect is e.xerlcd !>>' certain cell inhibi- 
tors, appaiently by affecting primanl.v the lag phase of growth. Because 
of the difficulty in obscr^'ing division of individual bacterial cells, one can- 
not easily detennme which, if either, of these explanations ma.v be correct. 
Data compatible with the hj'pothcsis (hat streptoro^'cin maj’ prolong the 
lag phase of the bacterial growth cycle have been pre.«ented (2). This is 
a crucial point bearing on the mode of action of stieptomi'cin and deeerx’cs 
further study (fig 32), 

iSirc of inoculum 

vlside from concentration of the drug, one of the most important factors 
influencing (he activiU' of streptomycin i« ntro, and presumabb’ i« mo, 
is size of inoculum (fig 33> Tlic larger the size of the inoculum, the 
greater the concentration of streptomj'cm leqiiired to inhibit multiplication 
completely (2, 3) ThU is due apparently to the fact that in any b.afterial 
population tlieie is a wide range of sensitivities to streptomi’cin; indeed, 
this range is proliahly gieater for streptomycin than for any other cellular 
inhibitor studied to date Bacteria do not produce an antagonist for strep- 
tomycin, streptomycin not de-troyed in their presence, nor is a significant 
amount of >-trep(omycui removed from the medmra during growth (2, 4J. 

Environmental constituents 

Streptomycin is .'uborbed by vu^ou^ substances, including unknowm con- 
stituents of certain culture media to), imidcntifieil constituents of blood 
«Kjrum and plasma (.3), cellulose, oxidized cellulose (0), and desovynbonu- 
cleic acid and thjmomicfeoproiem (C. D Such adsorptioiiscan affect the 
activitv of the dnig only insofar a- thev reduce the concentration of free 
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streptomycin in the medium. Since these reactions are only partial, other 
variables must be in proper lelationship for the adsorptions to be critical 
for bacteriostasis. This fact may account in part for the conflicting reports 
on the antagonistic effect of serum (2, 4, 8). 



Fig 32 The effect of varj ing concentrations of streptomj cin on its antibacterial 
action (8) 

It is locognizcd that the value of streptomycin lies in its cliomothera- 
pcutic activity in vivo. Tlie effect of serum and other body fluids is, there- 
foi(‘, of primary importance (table 20). Original lepoits on streptomycin 
suggo^tc’d that sulistiuiccb may be present in the body \\ Inch inhibit to some 
ONtciit the influence of sticploraycin on S. lypho^a. In vitro studies, how- 
e\(T, indicaleil that 10 per cent normal human senim enhanced the bac- 
teriostatic action of bticptomycin on this organism (4). In like manner, 
U has been obsoned by Uerkman cl al (2) and othor-s, \iorking with strains 
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offs', aureus and E. coli, that there is no decrease in the antibacterial action 
of >trei)tomycm in vitro in the presence of serum. Hobby and Lenert (8), 
in a studj’ of fifteen strains belonging to eight species of bacteria, observed 
a marked decieasc (sixfold to fortyfold) in the sensitivity of S. hemohjticiis 
and D. pneumoniae and a slight decrease (twofold) in the sensitivity of 
certain strains of S. ourena to streptomycin ^^hen grown in the prwence of 
1 to o per cent human serum. Xo dccicase in sensitivity streptomycin 



Fig 33 The clTect of sue of iiioculuta on the action of strejilomycln (2). 

was obscrs-ed, however, with strains of E. coU, S. Ujphoha, A. acrogenesy or 
Kl pmumomae grown m broth containing this concentration of human 
serum. In some instances, mdcwl, the bacteriostatic action of streptomy- 
cin was cuhauced (for example, on E cob) This is m agi cement w ith the 
earlier observations of Ileiraann, Ehas, and Pnee (9) on S lyphosa. It is 
uell known that serum enhances the growth of hemolytic streptococci and 
pneumococci. Furthermore,grovvthof £ coti, A. acrogencsyUnd 
is not enhanced hy the prc.scnce of Forum It was suggested, therefore, that 
the effect of scrum on the action of «itreptomyciii may be <lue only to its 




.MODE OF ACTION 


201 


effect on the growth of the specific organism used, thus altering the number 
of organisms present and the ultimate effectiveness of the drug. The effect 
of serum on streptomycin activity would be dependent, then, upon the 
natuie of the organism in question and its response to serum as a growth 
stimulant. If this is true, apparent disagreement between reports pub- 
lished on the effect of serum on the action of streptomycin can be explained 
in part by differences in the specific test organisms used m these studies. 
That this may not be the entire e.xplanation is suggested by the fact that 

TABLE 20 


Effect of human serum on aenstlivity of organisms to streplomyei'n (8) 


5TIAIV 

SENSiimrv- I'tiM/uL senvu, ?zx cent 

0 

1 

> 1 

ICi 

20 1 

i 50 

E coli 







(W) 

S 5 

8 0 

8 5 

6 0 

4.5 

3.0 

(Y) 

5 0 

5.0 

4 0 

1 4.0 

4,0 

i 2 0 

(H) 

7.0 

7.0 

C.O 

5.0 

4.0 

! 2 0 

(8) 

>40.0 

>40 0 

>40.0 

>40 0 

32.0 1 

8.0 

(Ga) 

1 40 0 

20.0 

1 32.0 

1 36.0 

' 32.0 1 

1 12.0 

(U) 

>40.0 

32 0 

>40 0 

24.0 

1 28.0 ' 

8 0 

A.aerogenes I 

2.0 

2 5 

2.0 i 

2 0 

1 1.5 1 

1.0 

Kl. pneumoniae 

1 0 

1 1.0 

' 1 0 

<0 5 

<0.5 

<0.5 

S. aureus 







(H) 

16.0 

>40.0 

>40 0 

40.0 

40.0 

' 20.0 

(-M) 

6 0 

7 0 

10 0 

5 0 

3.0 

3.0 

(HS) 

8 0 

>10 0 

10.0 

>10 0 

S.O 

4 0 

5 hernoiylicus 







(C203Mv) 

8.0 

>40.0 

>40.0 

>40.0 1 

>40 0 1 

>40 0 

D pneumoniae 







(1/230) 

4 0 

36 0 

40 0 

32.0 1 

32 0 1 

16 0 

(D/30) 

4.0 

20.0 

24.0 i 

20 0 

20 0 1 

8.0 

(ACG) 

1 <1.0 

40 0 

20.0 

24 0 

[ 20 0 1 

8.0 


Sensitivity =» least amount of streptomycin causing complete inhibition of grow th 
.after 72 liours at 37®C. 


scrum apparently has a greater effect on the sensitivity of a single strain 
of »S. hcmolylicus (C203MV) to streptomycin than on the rate of growth of 
tins organism (8). 

Tile activity of streptomycin is extremely sensitive to the concentration 
of salt in the environment. Tlie addition of 2 per cent salt may incieaso 
the minimal inhibiting concentration of streptomycin 100-fold (2). Salt 
ie\crsal has been obscr\’cd uith all organisms studietl and uith salts con- 
taining sodium, potassium, lithium, ammonium, barium, magnesium, and 
caleiutn as cations, and chloride, sulfate, tartrate, phosphate, acetate, 
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of S. aureus and E. coh^ that there is no decrease in the antibacterial action 
of sticptomj'ciu in vitro in the presence of scrum. Hobby and Lenert (8), 
in a study of fifteen strains belonging to eight species of bacteria, obsened 
a marked decrease (sLvfoId to fortj'fold) in the sensitivity of S. hemolylieui 
and D. pneumoniae and a slight decrease (twofold) in the sensitivity of 
certain strains of S. aurem to streptomycin when grown in the presence of 
1 to o per cent human serum. Xo decrease in sensitivity (o streptomycin 



Fig 33 The effect of size of inoculum on the action of streptomycin ( 2 ). 

was obseiA'cd, ho«c\cr, with strains of E coU, S. lyphosa, -1. acrogenes, or 
Kl. pneumomae grown in broth containing tins concentration of human 
serum. In some instances, mdeed, the bacteriostatic action of streptomy- 
cin "’as enhanced (for example, on E coh). This is in agreement with the 
earlier obser\'ations of Koimann, Ehas, and Price (9) on S. typhosa. It is 
>\ell knon-n that sei-um enlinnces the growth of hemolytic streptococci ami 
pneumococci. Furthermore,0X)uthof £ coh, A. aerogmcSyOJxd S.typ^sa 
is not enhanced by the presence of serum. It was suggested, therefore, that 
the effect of M;rum on the action of streptomycin may be due only to its 
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effect on the growth of the specific oi^anism used, thus altering the number 
of organisms present and the ultimate effectiveness of the drug. The effect 
of serum on streptomycin activity would be dependent, then, upon the 
nature of the organism in question and its lesponse to serum as a growth 
stimulant. If this is true, apparent disagreement between reports pub- 
lished on the effect of serum on the action of streptomycin can be e.xplained 
in part by differences in the specific test organisms used in these studies 
That this may not be the entire explanation is suggested by the fact that 

TABLE 20 

Effect oj human serum on sensittcity oj organisms to streptomycin (8) 



0 

1 t 


10 j 


JO 

E.colv 



S 1 




(W) 

8.5 

8.0 

8 5 ; 

C.O 

4.5 

3.0 

(Y) 

3.0 

5.0 

4.0 

4.0 

4.0 

2.0 

(II) 

• 7.0 

7.0 

6.0 

5.0 

4.0 

2 0 

(S) 

>40 0 

>40.0 

>40.0 

>40 0 

32.0 

8 0 

(Ga) . 

40.0 

20.0 

32.0 

36.0 

32 0 

12 0 

(U) 

>40.0 

32 0 

>40.0 

24 0 

2S.0 

8.0 

A.aerogenes 

2.0 

2.5 

2 0 

2 0 

1.5 

1 0 

Kl. pneumoniae 

1.0 

1.0 

‘ 1 0 

<0 5 

<0.5 : 

<0.5 

S. aureus 







(II) 

10.0 

>40.0 

>40.0 

40.0 

40.0 

20 0 

(M) 

5.0 

7.0 

10 0 

5.0 

3 0 1 

3.0 

(HS) 

8.0 

>10 0 

10 0 

>10 0 

8.0 ; 

4 0 

S. hemolyticus 







{C203Mv) 

8.0 

>40 0 

>40.0 

>40 0 

>40.0 

>40.0 

D. pneumoniae 







(1/230) . 

4.0 

36.0 

40.0 

32 0 

32 0 : 

1C 0 

(D/39) 

4.0 

20.0 

24.0 

20.0 

20 0 ! 

8.0 

(ACC) 

<1.0 

40.0 : 

20.0 

24.0 

20 0 

8.0 


Sensitivity = least amount o( streptomycin causing complete inhibition of growth 
after 72 liours at 37'C. 


scium apparently has a greater effect on the sensitivity of a single strain 
of S. hemolylicus (CjojMv) to streptomycin than on the rate of gro\^th of 
thi*) organism (8). 

Ihe activity of streptomycin is extremely sensitive to the concentration 
of salt in the environment. The addition of 2 per cent salt maj' inciease 
tlie minimal inhibiting concentration of streptomycin lOO-fold (2). Salt 
rcwrMil has been obserx'ed with all organisms studied and with salts con- 
taining sodium, potassium, lithium, ammonium, barium, magnesium, and 
calcium as cations, and chloride, sulfate, tartrate, phosphate, acetate, 
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of S. aureus and E. coh, that there is no decrease in the antibacterial action 
of streptomycin in vitro in the ptescnce of serum. Hobby and Lenert (8), 
iu a study of fifteen strains belonging to eight species of bacteria, obser\’ed 
a marked decioase (sixfold to fortyfold) in the scnsitivitj’ of *S. /ienio/yhcus 
and D. jmeumomac and a slight decrease (tnofold) in the sensitivity of 
ceitain strains of S. awrcMs to stieptomycin nhen gronm in the presence of 
1 to o per cent human scrum. No decrease m sensitivitj' streptomycin 



Fig 33 The effect of size of inoculum on the action of streptonijcia (2) 

nas obscr\'ed, ho\\o%ci, with stiams of E coh, S. typhosa, .1. aerogcncs, or 
Kl. pneumoniae groMU m broth contaimng this concentration of human 
bcrum. In some instances, indeed, the bacteriostatic action of stieptomy- 
cin was enhanced (for example, on E coh) This is m agreement with the 
earlier observations of Ilcimann, Elias, and Pnee (9) on S. Ujpliosa It is 
\\ell knoum that serum enhances the growth of hemolytic streptococci and 
pneumococci. Furthermore, growth of E coh, ,4. acrorjeiics, and S. typhosa 
is not enhanced by the prc'pnce of It wa.s suggested, therefore, that 

the effect of scrum on the action of streptomycin may be <Iue only to its 
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effect on the growth of the specific organism used, thus altering the number 
of organisms present and the ultimate effectiveness of the drug. The effect 
of serum on streptomycin activity would be dependent, then, upon the 
nature of the organism in question and its response to serum as a grmi th 
stimulant. If this is true, apparent disagreement between reports pub- 
lished on the effect of serum on the action of streptomycin can be explained 
in part by differences in the specific test organisms used in these studies. 
That this may not be the entire explanation is suggested by the fact that 


TABLE 20 

Effect of human seruin on sensitivity of organisms to streptomi/cin (8) 



SENSItIVITV m nO/UL SESUU, F£K CEXT 


0 

1 1 

S 

.0 

1 20 

1 50 

E coli 







(W) 

8 5 

8 0 

8 5 

6 0 

4.5 

3.0 

(Y) 

5 0 

5.0 

4 0 

4 0 

4.0 

2.0 

(H) 

■ 7.0 

1 7.0 

6 0 

5.0 

4 0 

2 0 

(S) 

>40.0 

>40 0 

>40.0 

1 >40 0 : 

32 0 

8 0 

(Ga) 

40 0 

20.0 

32.0 

36 0 

32 0 

12 0 

(U) 

>W 0 

32 0 

1 >40.0 

1 24 0 

2S 0 , 

8 0 

A aerogenes . 

2 0 

2.6 

2.0 

2 0 

1 5 1 

1.0 

Kl pneumoniae 

l.O 

1.0 

■ 1 0 

<0 5 

<0.6 : 

<0 5 

S. aureus 







(I!) 

16.0 

>40 0 

>40 0 

40.0 ' 

40.0 

20.0 

(M) 

5.0 

7 0 

10.0 

5 0 

3.0 

3 0 

(IIS) 

8 0 

>10 0 

10.0 

>10 0 

8 0 

4 0 

S. hemolyheus 







(C203Mv) 

8.0 

>40.0 

>40 0 

>40 0 : 

>40.0 

>40.0 

D pneumoniae 







(1/230) 

4 0 

36.0 

40 0 

32 0 

32 0 

16 0 

(D/39) 

4 0 

20.0 

24 0 ! 

20 0 

20 0 

8 0 

(.ICC) 

<I 0 

40 0 

20 0 1 

24 0 1 

20 0 1 

8 0 


Sensitivity = least amount of streptomycin causing complete inhibition of grow th 
after 72 hours at 37®C. 


seium appaiently has a greater effect on the sensitivity of a single strain 
of S. hemolyheus (Csoj^Iv) to streptomycin than on the rate of growth of 
this organism (8). 

Tlic activity of streptomycin is extremely sensitive to the concentration 
of salt in the environment. The addition of 2 per cent salt may inciease 
the minimal inhibiting concentration of streptomycin 100-fold (2). Salt 
reversal has been obser\’cd with all organisms studied and with salts con- 
taining sodium, potassium, lithium, ammonium, barium, magnesuim, and 
calchini as cations, and chloride, sulfate, tartrate, phospliatc, acetate, 
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of S. aureus and E. coli^ that there is no decrease in the antibacterial action 
of streptomycin in vitro in the presence of serum. Hobby and Lenert (8), 
in a study of fifteen strains belonging to eight species of bacteria, obser\ed 
a marked deciease (sixfold to fortyfold) in the sensitivity of S. hcinohjticus 
and D. pncionontae and a slight decrease (tivofold) in the sensitivity of 
ceitain strains of S aureus to streptomycin wlien groum in the presence of 
1 to o per cent liuman serum. Xo decrease in sensitivity ^o streptomycin 



Fig 33 The effect of sire of inoculum on the action of strcploni^cm (2) 

Mas obscr\ed, houever, with strains of E coh, S typhosa, -1. acrogencs, or 
Kl- pneumoniae grown m broth contammg this concentration of Iiumaii 
serum In some instances, indeed, the bacteriostatic action of streptonn’- 
cm was enhanced (for example, on E. coh) This is m agreement with the 
earlier obseiA'ations of Itoimann, Elias, and Price (9) on S. typhosa. It is 
well known that serum enlianees the growth of hemolytic streptococci and 
pneumococci Furthermore, growth of E. coh, A. acrogencs, and S. typhosa 
IS not enhanced by the pre-^cnce of serum. It was suggested, therefore, that 
the effect of serum on ihe action of .streptomycin may be due only to its 
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of streptomycin with the critical site of action. In this connection it seems 
significant that the adsorptions of streptomycin by bacteria (4), cellulose, 
desoxyribonucleic acid, and thymonucleoprotein(C, 7) can be inhibited com- 
pletely or reversed by salts, whereas adsorption by seiiim components is 
not affected (9). It has been suggested that the antagonism to strepto- 
mycin manifested by organic salts may result from substitution in their 
presence of an alternative metabolic system w'hich is lesistant to strepto- 
mycin. This proposal would be more attractive if numeious inorganic salts 
were not equally potent antagonists. Sodium pyruvate, for example, on a 
weight basis exerts approximately the same antagonistic activity as sodium 
chloride. Futhermorc, combinations of the two salts in a 1:1 ratio by 
weight have the same antagonistic activity as cither salt alone, provided 
the concentrations of the individual salts are the same as those of the com- 
binations. At present there is little evidence that the antagonisms mani- 
fested by the organic salts are related in any way to their role as metabolic 
substrates. 

Glucose and certain other sugars have been reported by several groups 
of workers to antagonize the action of streptomycin (12). This antagonism 
has boon attributed to an increased production of hydrogen ions, a decreased 
0-R potential, and an effect on the growth of the organism making higher 
concentrations of streptomycin necessary for inhibition of its growth. A 
leccnt icport by Green and Waksman (11) has indicated that this antag- 
onism is due neither to glucose per se nor to the acidity produced, but 
rather to the salt content of the medium and of the specific organic nitrog- 
enous compounds in the medium. 

The effect on streptomycin activity by substances influencing the ic- 
ducing intensity of the medium and by certain other substances are dis- 
cussed later. 


pH effect 

The activity of sticptomycin is maximal at approximately pll 7.8 and 
decreases markedly below pll 7 0 (13) as show'n in tabic 21 . As determined 
from conductivity mcasuieincnts sticptomycin is highly dt''SOciatcd at 
neutrality and above. Since this dissociation must dccicasc with de- 
creasing pH, it .'cems likely that stieptomyciu is highly active m the ihs- 
•-ociatcd state The possibility that the streptomycin base and the hy- 
drogen loiis compete on tlic surface of the bacterial cell for the active 
centers deserves consideration (11). 

Lorrs of x\cmo.\ 

As ilctcnnincd with the uitiamicioseoiM?, the calcium ehloiiilc double s.ilt 
of streptomycin fom\s a colloidal •'ol in water rather tlum a true solution. 
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pyruvate, nitrate, lactate, citrate, fumarate, succinate, formate, raalate, and 
maleate as anions (2, 7, 10, 11). There is evidence that if both anion and 
cation show reversal, their effects may be additive (7). 

The effect of salt on streptomycin manifests itself in assaj’ procedures 
(2, 11). Alteiationsin the diameters of zones of inhibition may be at least 
partly a function of the effect of salt on the diffusion rate of streptomycin 
through the assay medium. This consideration does not obtain in serial 
dilution assays or turbidimctric studies (fig. 34). 



Fig. 34 Effect of salts and organic acids on potency of streptomjem (7) 

No explanation exists for the antagonistic effect of salt on streptomycin. 
Electrophoretic studies have failed to reveal any etndence that the salt acts 
directly on streptomycin, producing an inactive complex, although this b}' 
no means proves that such a combmation may not occur. The possibility 
that the antagonism may be a nonspecific stimulation of bacterial multi- 
plication by the salt has been ruled out as a major factor b 3 ’ certain of the 
above reports. It is conceivable that the phenomenon maj' he the result 
of an interaction nith the bacteria, msome i\ay pieventing the combination 
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of streptomycin with the critical site of action. In this connection it seems 
significant that the adsorptions of streptonaycin by bacteria (4), cellulose, 
desoxyribonucleic acid, and thyraonucleoprotein (6, 7) can be inhibited com- 
pletely or reversed by salts, whereas adsorption by semm components is 
not affected (9), It has been su^ested that the antagonism to strepto- 
mycin manifested by organic salts may result from substitution in their 
presence of an alternative metabolic system which is resistant to strepto- 
mycin . This proposal would be more attractive if numerous inorganic salts 
were not equally potent antagonists. Sodium pyruvate, for e.xample, on a 
weight basis exerts approximately the same antagonistic activity as sodium 
chloride. Futhermore, combinations of the two salts in a 1:1 ratio by 
weight have the same antagonistic activity as either salt alone, provided 
the concentrations of the individual salts are the same as those of the com- 
binations. At present there is little evidence that the antagonisms mani- 
fested by the organic salts are related in any way to their role as metabolic 
substrates. 

Glucose and certain other sugars have been reported by seveial groups 
of workers to antagonize the action of streptomycin (12). This antagonism 
has been attributed to an increased production of hydrogen ions, a decreased 
0-R potential, and an effect on the growth of the organiMn making higher 
concentrations of streptomycin necessary for inhibition of its growth. A 
lecent report by Green and Waksman (U) has indicated that this antag- 
onism is due neither to glucose per $c nor to the acidity produced, but 
rather to the salt content of the medium and of the specific organic nitrog- 
enous compounds in the medium. 

The effect on streptomycin activity by substances influencing the re- 
ducing intensity of the medium and by certain other substances are dis- 
cusse<l later. 


pll effect 

The activity of streptomycin is ma.ximal at approximately pH 7.8 and 
decreases maikedly below pH 7.0 (13) asshoim in table 21 . /U determined 
from conductivity measurements streptomycin is liiglUy dissociated at 
neutrality and above. Since this dissociation must decrease with de- 
cicaring pH, it seems likely that streptomycin is highly active in the dis- 
.sociated ^tate 7'he possibility that tlie streptomycin base and the hy- 
drogen ions compete on the surface of the bacterial cell for the active 
centers deserves consideration (11). 

Iaicus of Action 

.Vs dctcimined with the uUramicroscope, the calcium cliloridc double s;ilt 
of streptomycin forms a colloidal sol in water rather than a true solution, 
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the particle size of the dispersed phase being approximately Q5n. Strepto- 
mycin passes readily through a cellophane dialysis membrane, however, 
indicating that the physical dispersion of streptomycin in water is such that 
particle size per se is not an obstacle to its passage through a cellular mem- 
brane. 

Berkman, Henry, Housewright, and Henry (4) have studied the distri- 
bution of streptomycin between bacterial cells and the surrounding water 
phase. The results obtained led to the conclusion that streptomycin is 
adsorbed at the cell surface and that little or no streptomycin actually 
penetrates the cell membrane. This adsorption can be prevented or re- 
versed by sodium chloride. Streptomycin-resistant cells behave identi- 
cally to sensitive cells. 

Studies in both humans and dogs have indicated that streptomycin is 
distributed as if it were present in extracellular water only. 

TABLE 21 


Concenlraliona of slreplomyein nectssars/ for partial inhibition of grovth of S. 
aureu4 at different pB tevelo (12a) 

Incubation 24 hours 


pH 

cosoKnATioH or enznomai a nan ru ml roi 

Complete ui}ubitio& 

Putin ifibibiUea 

7.7 

1.6 

0.8 

7.2 

6.25 

1.6 

6.6 

6.25 

3.2 

5.9 

50.00 

25.0 

5.2 

100.00 

40.0 


Inoculum 0.1 ml of 12-hour broth culture diluted 10 times. 


Effect of STREPTOirvciN on Bacteria 
Like most other antibacterial agents, streptomycin manifests both bac- 
teriostatic and bactericidal actions (3, 14). Predominance of one activity 
over the other in any particular instance appears to be dependent, in part, 
upon the time of contact with streptomycin (3), the organisms invohed, 
the concentration of streptomycin, and the size of inoculum (8). Other 
variables such as temperature, pH, and age of culture are influential (8). 
Bactericidal action has been observed with bacteria in the resting state 
(8, 10, 15), the concentration of streptomycinrequiredbeinghigherthanfor 

multiplying cells (fig 35) 

The observation that resting cells exposed to streptomycin do not develop 
resistance has led Harare, Rake, and Donovick (15) to postulate that the 
bactericidal action on resting cells is different from that on multiplying cells. 
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This observation per se does not seem to be a convincing argument for this 
viewpoint,^ The fact that streptomycin-resistant cells are also resistant to 



Fj<j So Efiect of streptomycin on liigb conccutrations of organisms in stationary 
phase of A', cofi (8). 


the bactericidal action of streptomycin in the resting state has led Strauss 
to the opposite conclusion, that the bactericidal action on resting cells is 
the same as that on multiplj’ing cells. 
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the particle size of the dispersed phase being approximately 65/a. Strepto- 
mycin passes readily through a cellophane dialysis membrane, hm\ever, 
indicating that the physical dispersion of streptomycin in water is such that 
particle size per se is not an obstacle to its passage through a cellular mem- 
brane. 

Berlanan, Henry, Housewright, and Heniy (4) have studied the distri- 
bution of streptomycin between bacterial cells and the surrounding water 
phase. The results obtained led to the conclusion that streptomycin is 
adsorbed at the cell surface and that little or no streptomycin actually 
penetrates the cell membrane. This adsorption can be prevented or re- 
versed by sodium chloride. Streptomycin-resistant cells behave identi- 
cally to sensitive cells. 

Studies in both humans and dogs have indicated that streptomycin is 
distributed as if it were present in extracellular water only. 

TABLE 21 


Concentrations of streptomycin necessary for partial inhibition of grov-th of 8. 
aureus al different pU levels (12a) 
lacubatioD 24 hours 


pH 

1 coMcxKTKAnoK oi STurTomaK w uKtts ets la. rat 

1 Complete inhibitjoa 

F&tUal iabibkboa 

7,7 

1.6 

0.8 

7.2 

i 6.25 

1.6 

6.6 

6.25 

3.2 

5.9 

50.00 

25.0 

5.2 

100.00 

40.0 


Inoculum 0.1 ml of 12-hour broth culture diluted 10 times. 


Effect of Streptomycin on Bacteria 
Like most other antibacterial agents, streptomycin manifests both bac- 
teriostatic and bactericidal actions (3, 14) Predominance of one activity 
over the other m any particular instance appears to be dependent, in part, 
upon the time of contact with streptomycin (3), the organisms mvolved, 
the concentration of streptomycin, and the size of inoculum (8). Other 
variables such as temperature, pH, and age of culture are influential (8). 
Bactericidal action has been observed with bacteria in the resting state 
(8, 10, 15), the concentration of streptomycin required being higher than for 
multiplying cells (fig. 35). 

The observation that resting cells exposed to streptomycm do not develop 
resistance has led Hamrc, Rake, and Donovick (15) to postulate that the 
bactericidal action on resting cells is different from that on multiplying cells. 
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Thus theic seems to be little doubt that development of lesistance to stiep- 
tomycin can occur exclusively by virtue of natmal selective processes. It 
should be pointed out, h 9 \vever, that adaptation to streptomycin by cells 
originally sensitive has not been definitely ruled out as playing a minor 
role. 

Several reports have appeared in the hterature to the effect that, in some 
instances at least, the emergence of resistant cells in a given culture is ac- 
companied by a decrease in the rate of growth of the culture, in its capacity 
to ferment, in its pigment production, and in its reducing intensity (21) 
Likewise, it has been demonstrated by Gezon and Cryst (22) that the de- 
velopment of lesistance in cultures of hemolytic streptococci results in a 
change in colonial morphology and in a coincidental decrease in virulence 
and reduction in streptokinase (fibrinolysin) and streptolysin S production. 

If the mode of action of streptomycin is actually associated with the 
metabolism of the bacterial cell, resistance to streptomycin should indicate 
a difference in metabolic activities, detectable perhaps by a comparison of 
the rates of utilization of various substrates by the susceptible and resistant 
strains. Henry, Henry, Berkman, and Housewnght (23) have studied the 
lates of 0* consumption and COj production with numerous carbohydrate 
substrates in susceptible and resistant strains of S. avreus, B. ccreus, and 
*S. dyscnlmae sonnex. Numerous quantitative diffcicnees in QOj values and 
anaerobic COj production were observed between the susceptible and le- 
sistant strains of the three organisms, but no indication as to the cause for 
lesistance or the mode of action of streptomycin could be derived from these 
differences, since none was consistent among the three organisms These 
changes did not occur consistently in the same direction, furthermoie, and 
there weie as many increased values for the resistant strains as there were 
decreased values. This piobably indicates that the interpretation of Selig- 
muim and Wasseimann (24) that resistant strains have “damaged” enzyme 
systems is unwarranted. 

Exposure of bacteria in the resting state to streptomycin does not result 
in emcigence of resistant cells (10). This fact does not preclude, however, 
the possibility of adaptations arising by development of alternative path- 
ways of metabolism 

STnni’TO.M^CIN-DEFBNDUXT V.MU.VN'aS 

Probably the mo&t remaikable obscivation on streptomycin was that 
fiisl Imported by Millei and BohnholT (25), who demonstrated that bac- 
teria could become dependent on streptomycin for growth. From each 
of eighteen strains of meningococcus they obtained two slrcptomycin-rcsis- 
lant Variants. One, dc.-'ignated as tarianl type A, appeared in small ami 
equal numbers on all concentrations, grew in large yellowish colonies on 
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Bactericidal action, by dciiuition, means the irreversible inhibition of 
giowlli or killing of bacteria. Many cellular inhibitois will kill cells even 
in static conccntiutions if the time of contact is sufficiently long. An in- 
hibited cell is not a normal cell and, unless it is able to readjust itself within 
certain limits of time (in which case it may become resistant), it may suc- 
cumb. The conclusion that the bacteriostatic and bactericidal mechanisms 
of streptomycin are dissociated, thcieforc, is open to question. 

Streptomycin exhibits a biphasic action tn vitro (16), that is, it stimulates 
bacterial multiplication in subinlnbitoiy concentrations. Failure to obtain 
this stimulation with Kl pneumoniae hasbeen reported. Welch, Price, and 
Randall (16) were able to demonstrate this phenomenon in vivo. Strepto- 
mycin at a certain dosage incieased the fatality rate of S. typhosa for mice, 
whereas in higher dosages piotective effects ucrc obtained This has def- 
inite implications in the clinical use of stieptomycin. It is a phenomenon 
which is found commonly with cell inhibitois in vitro but is understood in 
very few cases. 

Stieptomycin, like many othei antibacterial agents, produces an altera- 
tion in bacterial morphology coincident with bacteriostasis. These mor- 
phological changes vary with different bacterial species and are not observed 
with all bacteiia. Tliey are often observed, however, even in cultuies of 
organisms resistant to the concentration of streptomycin used (10, 17, 18). 
Cliangcs 111 morphology, when they occur, may be accompanied by change's 
in staining chaiactcristics (18). 

DiFFERLNCUS BETWECX STUEPTO.MyCIN-&USCEPTIllLE AND 
STREPTOXnCIN-REblSTANT VaRIAN’IS 

The subject of the development of resistance to streptomycin is fully 
covered m another chapter of this book, but certain observations appear to 
be germane Iicre Resistant strains can be produced by c.xposing parent 
susceptible strains to mhibitory concentrations of streptomycin. Thcie 
has been one report that resistant strains can be produced also by exposure 
to subinhibitoiy concentrations. This suggests that the organism may be 
alTected before inhibition of growth liecomcs appaient and that elimination 
of susceptible cells may not be the only cause for the apparent development 
of icsistance From the results of a careful study of ten strains of type h 
II injlucnzac icported by Alexander and Lcidy (19) it is apparent that 
emergence of icsistance could be solely the lesult of a selective process. 
In large samples of initial bactcnal populations, these investigators found 
resistant variants m all strains studied. The incidence of resistant cells 
varied from 1 m 1.1 billion to 1 in 13.8 billion organisms. This has been 
confirmed by Iverson and Waksman (20), who found one resistant cell pres- 
ent among 1.5 billion normal sensitive cells in broth cultures of E. coh. 
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In a comprehensive study on the distribution of dependent ceils of E. 
coli in a broth culture of this organism, Iverson and Waksman (20) found 
that one dependent cell was present among each 1.5 billion normal sen* 
sitive cells. That streptomycin, and not an impurity, is required for 
growth of streptomycin-dependent organisms is suggested by the fact that 
growth of the strain is supported by numerous commercial preparations 
of streptomycin (25) by pure N-methyl-L-glucosammido-strcptosido-strep- 
tidine, pure mannosidostreptomycin, and pure dihydrostrcptomycin (27) 
but not by streptomycin inactivated by cysteine or hydroxylamine (25) or 
by streptidine or streptamine (27). Furthermore, streptothricin is inca- 
pable of supporting growth of at least certain streptomycin-dependent 
strains (20). There appears to be a striking quantitative correlation be- 
tween the stimulatory action of streptomycin for the streptomycin-re- 
quiring strain and its antibacterial action agamst the parent strain. Paine 
and Finland (28) have reported tliat the maximal concentration of strep- 
tomycin permitting growth of the senrilivc parent strain and the minimal 
concentration supporting growth of the dependent variant are appro.xi- 
mately equal in each case. 

The acquisition of dependency on a cellular bhibitor is not without prec- 
edent, for example, N. crassa and sulfanilamide. If it is assumed that 
streptomycin mhibits the metabolism of susceptible bacteria, resistance to 
the drug may possibly indicate the presence m tlie resistant coll of an al- 
ternative metabolic pathway that is bsensUivc to streptomyem. The sen- 
sitive metabolic pathway present in susceptible cells may be present also, 
but m the ordinary resistant cell not dependent on streptomycin it is of no 
great consequence whether this pathway is suppressed or not. It is theo- 
retically possible that m certam cases (streplomyin-depcndent cells), how- 
ever, release of the suppression of this pathway by removal of strepto- 
myeb may so upset tlve metabolic balance of the cell as to result b its 
death. There arc no data at present, however, to support such a hypoth- 
esis as this. 

Proposed Mecil\nisms of Acttion op STKErroMYciN 
Slrcptonvjcin and s,ulfhydnjl groups 

It has been reported many times that the antimicrobial activity of strep- 
tomycin decreases as the Eh of the system decreases Such a decrease 
can arise either from the endogenous icducing intensity developed within 
the orgiuiism itself (24) or througli externally added icductauts such iis 
cysteine and other sulfhydiyl compounds, stumious chloride, sodium bi- 
sulfUc, and sodium thiosulfate (29). ^Vnacrobiosis also decreases the ac- 
tivity of streptomycin, although Geiger, Green, and NVaksman (30) have 
attril)atc<l this to a pll effect. 



208 


A^•TlBACTERIAlJ AND PHARilACOLOGlC 


streptomycin-free and streptomycin-containing media, and retained the or- 
iginal virulence for mice possessed by its parent strain. The other, tar- 
iant type B, appeared in greatest numbers on concentrations between 100 
and 400 yg of streptomycin per milliliter. Its colonics varied in size and 
color depending upon the concentration of streptomycin in ^^hich the)' 
were developed and were dependent on streptomycin for multiplication. 
This dependency was demonstrable not only in vitro but also in mo, since 
the organism exhibited no virulence for mice unless streptomycin was ad- 
ministered to the animals following infection. Both variants retained the 
characteristic sugar fermentations and type specificity of the parent strain. 

The production of streptomycin-depiendent strains of E. ccli, Ps. aeru- 
ginosa, B. subtilis, S. aureus, P. morgani, M. ranac, M. tuberculosis var. 
hominis has been reported. 

The differentiation between strains dependent upon streptomycin for 
growth and those the growth of which is merely enhanced by streptomy- 
cin is important in the evaluation of any studies utilizing these strains. 
An organism dependent upon streptomycin for growth is one which 
is mcapablc of multiplying, in vitro or in vivo, in the absence of N- 
methyl-L-glucosaminido-streptosido-streptidine or one of its derivatives 
(as mannosidostrcptomycin or dihydrostreptomycin). Two strains of 
tuberculosis, the growth of which is enhanced by, but is not dependent 
upon, the presence of streptomycin have been isolated from human sputa by 
Spcndlovc, Cummings, Facklcr, and Michael. (2G). Furthermore, a strain 
of M. tuberculosis has been described by Lenert and Hobby which has 
remained dependent upon streptomycin even after repeated subculture 
vitro, yet is highly virulent for experimental animals. It is apparent tiiat 
this strain is dependent upon streptomycin for growth in vitro, yet is capable 
of multiplying in viio in the absence of streptomycin. 

Aside from the possible clinical significance of these findings, their re- 
lationship to the mode of mhibitory action of streptomycin is of interest. 
The suggestion that dependent variants utilize streptomycin as an essen- 
tial metabolite or growth factor is, of course, an attractive one (28). Such 
a utilization, so far, has not been demonstrated conclusively. The iso- 
lation by Hobby el al. of a gram-negative microorganism highly resistant to 
streptomycin and also capable of growing in solutions of highly purified 
streptomycin in distilled water, however, has been reported. The distilled 
water used in this study had a total solid content of less than 10 ppm and 
supported growth to a slight extent only. The addition of streptomycin to 
this distilled water produced a marked increase in the rate of multiplication 
of the organism, suggesting the possibilit)' that streptomycin actually may 
be utilized during growth. 
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cleic add in the cell. Thebe obsen’ations led Douovick and co-workeis 
to the conclusion that btieptomycm does not act hy combining with des- 
oxyiiboniiclcic acid in the cell. Fmthermoic, as pieviously mentioned, 
streptomycin combines with other substances, such as certain proteins and 
cellulose. 

Krampitz, Green, and Workman (33) lepoUcd that streptomycin m- 
liibits the oxidation of ribonucleic acid by a strain of S aureus, whereas 
Henry d al. (23), norkrng with a dilTerent strain of S. aureus, w’ere un- 
able to obtain evidence of such inhibition. 

Slrcplomycin and essential mdabohtes 

If streptomycin inhibits the formation or the utilization of a substance 
essential for bacterial multiplication, tlreir addition of tlrrs substance should 
antagonize streptomycin, noncompctjiively in the former case and com- 
petitively in the latter. The antagonism by salts can scarcely be specific, 
since many are active in this respect, 

Fitzgerald, Bemheim, and Fitzgerald (34) working with one strain of 
colt and two strains of .U. tuberculosts, have reported antagonism of 
hticptomyein by urea, xanthine, uric acid, allantoin, alloxan, and para- 
banic acid, llevor&al by urea has also been leported. Tytell and Tytell 
(3.j) hud previously reported that streptomycin inhibited the glucose de- 
hydrogenase activity of C. pcrjringcns and that this inhibition could be 
reversed by adenine, guanine, hypoxanthinc, xanthine, and methionine. 
Recently, however, Fitzgerald d al. (34) reported that revei'sal by urea 
IS due not to the urea per se but to cyanate formed in the process of ster- 
ilization by autoclaving. Ho believes that the cyanate probably inac- 
tivates streptomycin direct^', possibly by combining with free amino 
groups. 

Wallace, Rhymer, Gibson, and Shattuek (30) concluded from their ex- 
periments that there is something piescnt in biam-heart-infusion broth, 
luul not in nutrient broth, which interferes with the action of streptomy- 
cin. The active substance proxed to be extractable with methyl alcohol, 
rapidly dialyzable, destroyed by tryjishi hydrolysis, not adsorbed by char- 
coal, and present in large amounts m brain tissue (37), Solubility of the 
active substance in both ether suid water ami occurrence of the substance 
m brain and phytone suggested to Rhymer, Wallace, Byers, and Carter 
(37) that the substance may be liposilol. Test of one sample showed 
lipo-'ilol to be a potent antagonist, and the prc.scncc in lipositol of an 
iiioMtol-galactO'e .>.truclure has suggested the possibility of a inetabo- 
lite-antimctabolite leliitionship with stieptomycm. ILakc (27) reported 
Uut some liposilol samples showetl sHglit activity in supporting growth of 
a .streplomyciiMeipiiring strain of K. coli. Further work is needed to de- 
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Cavallito and his co^\orkels have studied the antagonistic effects of var- 
ious thiols on the activities of several antibiotic substances and have con- 
cluded indirectly that the point of attack by the antibiotics is on cellular 
thiol groups. Cavallito (31) has stated that streptomycin reacts readily 
with sulfhydryl compounds containing basic amino groups in the vicinity 
of the sulfiiydiyl gioup and that this reaction may occur in two wajs: 
fir&t, with essential sulfhydryl groups of enzymes; second, with sulfhydrjl 
in cysteinyl icsiducs as these aic joined at the end of a growing polypep- 
tide chain during piotcin anabolism, thus blocking growth of protein by 
producing cysteine “dead ends.” He believed further that chemical reac- 
tion with sulfhydryl groups may be preceded by adsoiption in their vicin- 
ity. That the neighboring amino group-s may also be involved has been 
.suggested (32). 

The importance of free sulfliydryl groups to the activity of certain puri- 
fied enzyme systems and to the normal functioning of the cell as a whole 
is well established. As yet, however, direct evidence that streptomycin 
effects its bacteriostatic activity through reaction with cellular sulfhydol 
groups or, m fact, docs react with them at all, is still lacking. Ifeno’i 
Henry, Bcikman, and Housew right (23) obtained no inhibition of activity of 
urease, succinoxidase, or carboxyJa'>e, enzymes requiring fiec sulfhydrj’l 
groups for full activity, even by 500 pg of stiept omycin per milliliter These 
observations were made with purified enzyme systems, and it is recognized 
that inhibitor studie.s with such systems do not necessarily indicate that 
a similar icsult will be had when the enzyme is situated in its normal pro- 
toplasmic environment These negative lesultb do indicate, howe\cr, 
that streptomycin is not a powerful sulfliydryl reactant. 

Streptomycin and nucleic acids 

Cohen (0) has obsen'ed that streptomycin combines with desoxyribonu- 
cleic acid, but not with ribonucleic acid, to produce poljTneric compounds 
that actually piecipitate, a re.action tliat can be leversed by the addition 
of sodium chloride These observations wcix? confiimcd by Berkman d al- 
(.}), who also found that a similar complex was foimed with calf thjTiuis 
nucleoprotein Cohen '•uggested the po&sjbility that the in vitro reactiv- 
ity of streptomycin with desoxynlionucleic acid is lelated to its bacterio- 
static action Aceoiding Donovick, Bayan, Canales, and Pansy (7)i 
the order of activity of «5alts in leveising the deso\yribonucIcic-acid-s(rej)- 
tomycin complex differs fiom that of reversal of multiplication inhibi- 
tion They obsciwod depolymei ization by desoxyrilionuclea'-e of dcsoxy- 
ribonucleic acid piecipitatod hv streptomycin, lesulting in di'-uppearance 
of the piecipitate, yet the mmimal inhibiting concentration of .stieptoniy- 
cin for Kl. pncumontac was the same with or without added desoxynboiiu- 
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cleic acid in the cell. ThcbC obsjer\’utions led Donovick and co-\vorkeih 
to tlic conclu.‘'iou that htreptomj’cin does not act 1 > 3 ’ combining with dos- 
oxyiihonuclcie acid m the coll. Fmthermoie, as picvjously mentioned, 
sticptomycin combines, with other substances, such as cci tain piotems and 
cellulose. 

Krampitz, Giecn, and Workman (33) lepoited that strcptomj’cin in- 
hibits the oxidation of ribonucleic acid by a strain of S. aureus, wheiea.s 
llcniy ct al. (23), woiking with a dilTcient strain of S. aureus, weie un- 
alile to obtain evidence of such inhibition. 

Streptomycin and essential metabolites 

If stieptomycin inhibits the formation or the utilization of a substance 
essential for bacterial multiplication, then addition of this substance should 
antagonize streptomycin, noncompetitivcly in the former case and com- 
petitively in the latter. The antagonism by salts can scarcely be specific, 
since many are active in this respect. 

Fitzgerald, Bemheim, and Fitzgerald (34) working with one strain of 
E. coH and two strains of .If. tuberculosis, have reported antagonism of 
stieptomycin by urea, .xanthine, uric acid, allantoin, alloxan, and para- 
bunic acid. Reversal by uiea has also been report e<l. Tytell and Tytell 
(tio) liad pioviously rcpoited that btioptomyein inhibited the glucose do- 
hydrogcruise activity of C. pcrfrtmjcns and that this inhibition could bo 
leverscd by adenine, guanine, liypoxaiithiiic, .xanthine, and methionine. 
Recently, liowever, Fitzgcruhl cl al. (34) repoiled that reversal by urea 
is due not to the uioa per se but to cyaiiato formed in tiie process of ster- 
ilization liy autoclaving. lie believes that the cyanate piobably inac- 
tivates stieptomycin diiectly, possibly by combining with fiec amino 
gioups. 

Wallace, Rhymci, Gibson, and Shattuck (30) concluded fiom their c.\- 
pcnmeiils that tlicrc is something piescnt in brain-hcart-infusion broth, 
and not in nutrient bioth, which interferes with the action of stieptomy- 
cin. The active sulistaiice proved to be extractable witli methyl alcohol, 
i.iliidly dialyzablo, destroyed by trypsin hydiolysis, not adsorbed liy char- 
coal, and pics^nt in laige amounts m bnim tis.'-uc (37). Solubility of the 
active sulistaiicc in liotli etlier and water and occurrence of tlic substance 
m brain and phytone suggested to Rhymer, Wallace, Byers, and Carter 
(37) that the substance may be hpoMtol. Test of one sample showed 
liiiositol to he a potent antagonist, and tlie presence in lipo'.itol of an 
ino'.itol-galactO'<> sUuctiue has suggi^stcxl the possibility of a metabo- 
hte-antiinetabolite lelationsliip with stieptomycin. Rake (27) reporleil 
that .‘•oine lijiositol samjiles showeii slight activity in supporting growth of 
a stie))toinycin'ie(iuinng strain of E. coh. Further work is needed to dc- 
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Cavallito and his co\\orkers liavc studied the antagonistic effects of \ar- 
ious thiols on the activities of several antibiotic substances and have con- 
cluded indirectly that the point of attack by the antibiotics is on cellular 
thiol groups. Cavallito (31) lias stated that streptomycin reacts readily 
\Yith sulfhydrjd compounds containing basic amino groups in the vicinity 
of the sulfhydiyl group and that this reaction may occur in two waj>: 
first, with essential sulfliydrj*! groups of enzjanes; second, with sulfiijdrjl 
in eystcinyl I’CMdues as these are joincil at the end of a growing poIjpci>- 
tide chain during protein an^boli^m, thus blocking growth of protein by 
protlucing cysteine “dead ends.” He believed further that chemical reac- 
tion with sulfliydiyl groups may he preceded by adsorption m tlieir vicin- 
ity. That the neighboring amino groups may also be invoked has been 
suggested (32). 

Tlie importance of free sulfliydr}*! groups to the activit}' of certain puri- 
fied cnziTUc systems and to the nomntl functioning of the cell as a whole 
IS well established. .Vs yet, howo\er, direct evidence that streptomycin 
effects its bacteriostatic activity through reaction with cellular sulfliydrj'l 
groups or, in fact, docs react with them at all, is still lacking. Hcnr>’, 
Henry, Bcrkman, and Ilousowright (23) obtained no inhibition of activity of 
urease, succinovidaso, or carboxylase, enzymes requiring free sulfliydol 
groups foi full activity, even by oOO pg of streptomycin per millihter These 
obscr%’ations were made with purified eiiz>-me systems, and it U rccognireil 
that inhibitor studies with such systems do not necessiirily indicate tlui 
a similar result \m 11 he luul when the enzyme is situated in its norma! pro- 
toplasmic environment These negative results do indicate, huwcier, 
that streptomycin is not a powerful sulfliydrjd reactant. 

Streptomycin and nuclac acids 

Cohen (0) h.as obseix'od tliat streptomycin combines with dcsoxyiihonu- 
eJeic acid, but not with ribonucleic aekl, to jiroducc polymeric compoumh 
that actimlly precipitate, a reaction that can be reverseti by the addition 
of sodium chloride Those observations wen.' coiifnmcil by lieikman d ol. 
(J), who .also found that a similar complex was formed with calf thynui- 
nueleoprotein. Cohen suggestetl the po.'sihility that the in niro re.vctiv- 
ity of streptomycin with dcsoxynbonucleic acid is relatcil to its b.ictono- 
static action Acconliiig to Donovick, Bay.an, Ciuiules, and Pansy ("). 
the order of activity of salts m reversing the deso\yn!>ouuclcie-ac{d-s(ivp- 
tomycin complex differs from that of re\ersal of multiplication inluhi- 
tioii. They obsctvcil depolNTiienzation by dcsoxyribonuclcaso of dcsoxy- 
nbomiclcic acid precipit.atcil by streptomycin, resulting in dixipix'anmic 
of the precipitate, yet the minimal mlubitmg concentration of streptonn* 
cin for Kl. pneumoniae w as the same w ith or w ithout addetl dcsoxyriboiui- 
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cleic acid in tlje ceil. These obsen^ations led Donovick and co-workers 
to the conclusion that streptomycin does not act by combining Mith des- 
oxynbonuclcic acid in the cell. Furtheimoie, as pievionsl}’ mentioned, 
stieptomycin combines n ith other substances, such as cei tarn pioteins and 
cellulose. 

Krampitz, Gieen, and ‘Werkman (33) leported that stieptomycin in- 
hibits the oxidation of ribonucleic acid by a stiain of S aureus, wheieas 
Heniy ct al (23), working with a different strain of S. aureus, weie un- 
able to obtain evidence of such inhibition. 

SlTcpton\ycin and es&cntial mdabohtes 

If stieptomycin inhibits the formation or the utilization of a substance 
essential for bacterial multiplication, then addition of this substance should 
antagonize streptomycin, noncompetitively in the former case and com- 
petitively in the latter. The antagonism by salts can scarcely be specific, 
since many are active in this respect. 

Fitzgerald, Bernheim, and Fitzgerald (34) working with one strain of 
E. coh and two strains of lubcrculosts, have reported antagonism of 
streptomycin by uiea, xanthine, uric acid, allantoin, alloxan, and para- 
bunic acid. Reversal by mea has also been reported Tytell and Tytell 
(So) hud pieviously repoited that stieptomycin inhibited the glucose de- 
hydrogenase activity of C. pcrfnngcns and that this inhibition could be 
levcrsed by adenine, guanine, hypoxanthine, xanthine, and methionine. 
Recentl}', however, Fitzgerald et al. (34) reported that reversal by uica 
IS due not to the uiea per se but to cyanatc formetl in the process of ster- 
ilization by autoclaving. He believes that the cyanate piobably inac- 
tivates .•'tieptomycin dnectly, possibly by combining with fiee amino 
groups. 

Wallace, Rhymer, Gibson, and Shattuck (30) concluded from their ex- 
periments that tliere is something present m brain-heart-infusion broth, 
and not in nutrient broth, which interferes with the action of stieptomy- 
ein. The active sub.‘5tance proved to be extractable with methyl alcohol, 
lapklly dialyzable, destroyed by trypsin hydrolysis, not adsorbed by char- 
coal, and picsent m laige amounts m brain tissue (37). Solubility of tlie 
active substance in both ether and water and occunenco of the substance 
m brain ami phytono suggested to Rhymer, Wallace, Bj-ers, and Carter 
(37) that the substance may be lipositol. Test of one sample showed 
lipoMtol to be a potent antagonist, and the presence in lipositol of an 
iiio'-itol-galaclose structure has siiggcsteil the po-'sibility of a metabo- 
bte-antimetabolitc lohitionsliip with stieptomycin. Hake (27) reported 
tli.il some hpositol samples showed slight activity in supporting growth of 
a streplomycin-rciiuinng strain of E. colt. Further work is iieetleil to dc- 
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Cavallito and his coworkeis have studied the antagonistic effects of var- 
ious thiols on the activities of several antibiotic substances and have con- 
cluded indirectly that the point of attack by the antibiotics is on cellular 
thiol groups. Cavallito (31) has stated that streptomycin reacts readily 
with sulfhydryl compounds containing basic amino groups m the vicinitj- 
of the sulfliydiyl group and that this reaction may occur in two ways: 
first, uith essential sulfhydiyl groups of enzymes; second, M’lth sulfhydryl 
in cystemyl losidues as these aie joined at the end of a growing polypep- 
tide chain during protein anabolism, thus blocking growth of protein by 
producing cysteine “dead ends ” He believed further that chemical reac- 
tion with sulfliydryl groups may he piecedcd hy adsorption in their vicin- 
ity. That the neighboring amino groups may also be involved has been 
suggested (32). 

The importance of free sulfhydryl gioups to the activity of certain puri- 
fied enzyme systems and to the normal functioning of the cell as a whole 
IS well established. As yet, however, direct evidence that streptomycin 
effects Us bacteriostatic activity through reaction with cellular sulfhydrjd 
groups or, in fact, does leact with them at all, is still lacking Henry, 
Henry, Bcrkman, and Houscw right (23) obtained no inhibition of activity of 
uiea&e, succinoxidase, or carboxylase, enzymes requiring free sulfhjdrj’l 
groups for full activity, oven by 500 Mg of stioptomycin per milliliter These 
observations were made with purified enzyme systems, and it is lecognized 
that inhibitor studies with such systems do not necessarily indicate that 
a similar lesult will be ha<l when the enzyme is situated in its noimal pio 
toplasmie environment. These negative icsuUs do indicate, however, 
that sticptomycin is not a poweiful sulfhydryl reactant 

Streploniycin and nvclcic acids 

Cohen (G) has obseiwed thatstieptomycin combines with dcsoxyiihonii- 
cleic acid, but not with ribonucleic acid, to pioduce polymeric compounds 
that actually precipitate, a icaction that can bo reversed by the addition 
of t-odmm chloride These obseiwations woie confiiTned by Bcrkman el a(- 
(4), who also found that a similar complex was formed witli calf tliymns 
nucleoprotein. Cohen suggested the possibility that the in i^lro leactiv- 
ity of streptomycin with dcsoxynbonucloic acid is related to Us bacterio- 
static action. According to Donovick, Bayun, Canales, and Pansy (”)> 
the order of activity of s.ilts in lexersmg the dc.so\yribonucleic-acnl-sti^P' 
tomycin complex diffcis fiom that of levcisal of multiplication inhibi- 
tion. They observed depolymenzatiou hy desoxynbonueleaso of desoxy- 
ribonucleic acid precipitatwl bv stieptoinvcin, resulting in disappearance 
of the piccipitate, yet the minitnal inhibiting concentration of stieptoniy- 

cin for Kl- pncuinomae was the same with or without added dcsoxyribonu- 
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cleic iicki in the ceil. These obacn'utions Ictl Donovick and co-\vorkeis 
to the conclusion that sticptomycin tloes not act by coml)ining witli des- 
oxyribonucleic acid in the cell Kiirthemioie, as pieviously mentioned, 
stioptomycin combines with other substances, such as ceitain pioteins and 
cellulose. 

Kiampitz, Gieen, and Werkman (33) leported that streptomycin in- 
hibits the oxidation of ribonucleic acid by a strain of S. aureus, wheieas 
Henry (t al. (23), working with a diffeient stiain of S. aureus, weie un- 
able to obtain evidence of such inhibition. 

SlTcplomijcin and essential metaboliles 

If htieptomycin inhibits the foimation or the utilization of a substance 
e.ssential for bacterial multiplication, then addition of this substance should 
antagonize streptomycin, noncompetitively in the former case and com- 
petitively in the latter. The antagonism by salts can scarcely be specific, 
since many are active in this respect. 

Fitzgerald, Bernheim, and Fitzgerald (34) w'orking with one strain of 
E coh and two strains of .U. lubcrctiJosis, have reported antagonism of 
stieptomycin by urea, xuntliine, uric acid, allantoin, alloxan, and para- 
banic acid. Heversnl by uiea has also been reported, Tytell and Tylcll 
(35) had pieviously reported that stieptomycin inhibited the glucose de- 
hydrogenase activity of C. pcrfrtiigcns ami that this inliibition could be 
icveised by adenine, guanine, hypoxanthinc, xanthine, and methionine. 
Hecenlly, however, Fitzgerald ct al. (34) repoiled that reversal by uica 
is due not to the uiea per se but to cyaiiato formed in tlio process of ster- 
liizution iiy autoclaving. He believes that Ibc cyanatc piobably inac- 
tivates stieptomycin directly, possibly by combining with fice ammo 
gioup^. 

Wallace, Hhyracr, Gibson, and Shaltuck (3G) concluded fiom their ex- 
periments that tlieie is something piesent in braia-lieart-infusion bioth, 
and not m nutrient broth, which interferes with the action of slreptomy- 
I'ln. The active substance provcil to lie extractable with methyl alcohol, 
lapully dialj’zahle, dcstioyed by trypsin hydrolysis, not adsorbed b}’ char- 
coal, and picsent in Luge amounts in hraiu tis.'-uo (37). Soluliility of the 
active sulistanee m both ether ami water and occunenco of the sulistancc 
m l)ram and phytone suggested to Hhymor, Wallace, Byers, and Carter 
(37) that the suli&tance may be lipositol. Test of one sample showed 
hpoMtol to bo a potent antagonist, and the presence m lipo'itol of an 
ino-itol-galacto'c structuic has suggt'stwl the possiliilitj* of a inctabo- 
lit<‘-antimetabohte a'latumship with stieptomycin. Hake (27) ri'porteil 
llial -ome lipositol s.implcs showctl slight activity in supporting growth of 
a streptomycin-iciiuiring strain of E. coli. Further work is ncedcil to de- 
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Cavallito and his coworkers have studied the antagonistic effects of var- 
ious thiols on the activities of several antibiotic substances and have con- 
cluded indirectly that the point of attack by the antibiotics is on cellular 
thiol groups Cavallito ( 31 ) has stated that streptomycin leacts readily 
with sulfhydiyl compounds containing basic amino groups in the vicinity 
of the sulfliydryl group and that this reaction may occur in two ways: 
first, with essential sulfhydryl groups of 6023^105; second, with sulfhydiyl 
in cystemyl lesidues as these aie joined at the end of a growmg pob’pep- 
tide chain during piotein anabolism, thus blocking giowth of protein by 
producing cysteine “dead ends.” He believed further that chemical reac- 
tion witli &ulfh3'dryl groups ma}' be pieeeded by adsorption in their vicin- 
ity That the neighboiing amino groups may also be involved has been 
suggested ( 32 ) 

The importance of free sulfhydiyl groups to the activity of certain puri- 
fied enz3m:ie systems and to the norma! functioning of the cell as a uholc 
is uell established. As yet, however, direct evidence that streptom3’cin 
effects its bacteriostatic activity through reaction udth cellular sulfl)5'dr3l 
groups or, in fact, does react with them at all, is still lacking Hcnr)’, 
Henry, Berkman, and Housewright ( 23 ) obtained no inhibition of activityof 
urease, succinoxidase, or carboxylase, enzymes lequinng fiee &ulfh3'(lryl 
groups for full activity, oven by 500 fig of strept om3'cm per milliliter Tiicsc 
observations uero made with punfied enzyme s3'stems, and it is recognized 
that inhibitor studies with such systems do not necessarily indicate that 
a similar le&ult uill be had when the enz3'me is situated in its normal pro- 
toplasmic environment These negative lesults do indicate, howe\cr, 
that streptom3'cin is not a powerful suini3'di3'l reactant. 

Strcplomyctn and nucleic acids 

Cohen (6) has observed that streptomycin combmes w ith deso\3’ribomi- 
cleic acid, but not with ribonucleic acid, to produce po^’menc compounds 
that actually precipitate, a reaction that can be levei-sed by the addition 
of sodium chloride These obseiwmtions were confirmed b3’ Berkman ct al. 
(if), who aLso found that a similar complex was formed with calf tlymus 
nucleoprotein. Cohen suggested the po^ibilitj’ that the in viiro leactiv- 
ity of streptomycin with desoxjTibonucleic acid is lelatcd to its bacterio- 
static action According to Donovick, Ba3’an, Canales, and Pansy (7), 
the order of activit3' of sails in levcismg the deso\3Tiboniiclcic-acKl-stiep- 
tomycin complex differs fiom that of reversal of multiplication inhibi- 
tion. They obscrveti depol3'meiization by tlcsox.vnbonuclease of desoxy- 
ribonucleic acid precipitated by stieptomv'cin, icsultiiig in disappearance 
of the piecipitate, 3'et the minimal inhibiting concentration of .^ticptoni}'- 
cin for Kl. ■pneumoniae was the same wilh or without added desoxyribomi- 



MODE OP ACriOK 


211 


c’leic acid in the cell. These obsen'utions Ictl Donovick and co-workers 
to the conclusion that stieptoinycin docs not act by combining with des- 
oxyribonucleic acid in the wll. Kiathennoic, as picviously mentioned, 
stieptomycin combines n ith other substances, such as cei tain pioteins and 
cellulose. 

Kiumpitz, Gicen, and Werkman (33) reported that stieptomycin in- 
hibits the oxidation of ribonucleic acid by a -strain of S. aureus, wlieieas 
Henry cl al. (23), woiking with a different strain of S. aureus, weie un- 
alile to obtain evidence of such inhibition. 

Streptomycin and essential mclahohtes 

If streptomycin inhibits the foimatioii or the utilization of a substance 
c.ssential for bacterial multiplication, then addition of tliis substance should 
antagonize streptomycin, noncompetitively in the former case and com- 
petitively in the latter. The antagonism by salts can scarcely be specific, 
since many are active in this respect. 

Fitzgerald, Bemheim, and Fitzgerald (34) working with one strain of 
E. coh and l\\o strains of d/. tuberculosis, have reported antagonism of 
stieptomycin by urea, .xanthine, uric acid, allanioin, alloxan, and para* 
banic acid. Itever&al by uiea has also been leportccJ. TytcII and Tytell 
(33) had pieviously lepoited that stieptomycin inliibitod the glucose de- 
hydrogenase activity of C. per/ritujens and that tliis inhibition could be 
icverscd by adenine, guanine, hypoxauthiiie, .xanthine, and methionine. 
Uocently, lionever, Fitzgerald et al. (34) reported that reversal by iiiea 
IS due not to tlic uiea per se but to cyanate formed in the process of ster- 
ilization by autoclaving. He believes that the cyanate piobably inac- 
tivate.s stieptomycin directly, possibly by combining with fiee amino 
groups. 

Wallace, lUiymer, Gibson, and Shattuck (30) eoncliided from their e\- 
pcnmeiUs that there is something picscnt in bruin-hcart-infusion broth, 
and not in nutrient broth, nhich interfeics with the action of stieptomy- 
I'lii The active substance proved to be axtractable with methyl alcohol, 
lapidly liialj'zablc, de^troyed by trypsin hydroly.''is, not adsorbed by char- 
coal, and pic'cnt m large amounts in brain tissue (37). Solubility of the 
active "ub^tance in both ether and water and occurrence of the substance 
m brain and phj'tone suggestcil to Uhymer, Wallace, Byers, and Carter 
(37) that the substance may be liiKisitoI. Test of one sample showed 
hpoxitol to be a potent antagonist, and the presence in lipositol of an 
ino'itol-galucto'^.* structuic has suggested the pos.'-ibility of a metabo- 
lit<*-antiinelabolile relationship with .‘•tieptomycin. Hake (27) reported 
tliai vome hpo-^itol s.imple.s showed slight activity in supporting grow tli of 
a strciiloinycin-miuiring strain of E. coli. Further work is necdcil to de- 
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termine whether lipositol itself is the active principle and the exact nature 
of the antagonism reported. 

Slrcplomyctn and oxidatton-rcdudion reactions 
Relatively little information has accumulated so far on the effects of 
streptomycin on bacterial metabolism. Fitzgerald cl al. (34) have reported 
that streptomycin in a concentration of 10 Mg/ml completely inhibited the 
oxidation of benzoic acid by a susceptible strain of mycobacteria, whereas 
ICO /ig/ml had no such effect on a resistant strain. With another suscep- 
tible strain, however, no inhibition was obtained. Further study re\ealed 
that streptamme and streptidine had no effect on the oxidation of benzoic 
acid, and there was always a latent period before inhibition of oxidation 
of benzoic acid appealed, that icsults obtained by varj’mg the substrate 
concentration indicated competitive inhibition, and that the oxidations 
of trehalose, mannitol, fatty acids, and mucic acid were affected less than 
that of benzoic acid or not at all (the oxidations of phenol and tyrosine 
were inhibited in one species). Since there was a parallelism between the 
inhibitions of oxidation and growth, it was believed that this may be an 
important mechanism in the bacteriostatic action of streptomycin. It 
was recognized, however, that it undoubtedly is not the only one, since 
other organisms do not oxidize benzoic acid. More recently obtained ev- 
idence has indicated (34) that benzoic acid oxidase per se is relatively in- 
sensitive to streptomycin and that the inhibitions observed are due to sup- 
pression of the formation of the enzyme. 

Failures to obtain streptomycin inhibition gI carbohydrate metabolism 
in resting bacteria have been reported by several investigators No in- 
hibition of the oxidation of pyruvate, fructose, and acetate in mycobac- 
teria was observed with streptomycin m a concentration of lOO/ig/ml (34). 
Working with E. coli, Geiger (.38) found no effect of streptomycin on o.\i- 
dation of glucose, lactate, glycerol, succinate, malatc, fumarate, oxaloace- 
tate, and pyruvate, and no effect on SO* production or Hi production un- 
der anaerobic conditions Hinsch and Dosdogru (39) observed no inhi- 
bition of O 2 consumption by reeling cells of a strain of staphylococci with 
lactate as substrate. Benham (40) reported that addition of oOO to 1,000 
of streptomycin per milliliter to »S. typhosa lesulted in an immediate and 
marked increase in the rate of Oj consumption, which abated after 2 hours 
and at 6 liours was less than the controls. With glucose added .os sub- 
strate the percentage of theoretical Oi consumption in the presence of 
streptomycin rose to 100 Benham concluded that utilization of carbohy- 
drate appears to be more complete and more rapid when streptomycin is 
present (table 22). 
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Henry cl al. (23) have made a study of the effect of streptomycin on 
certain purified enzyme systems and on the cavboliydiate metabolism of 
resting cells of susceptible and resistant strains of S. aureus, B. cereus, and 
<S’. sonnci. Streptomycin in very high concentrations did not inhibit cat- 
alase, carbonic anhydrase, cytochrome, cytochrome-oxidase, succinoxi- 
dasc, carboxylase, urease, or trypsin. In tlie bacterial experiments, strep- 
tomycin in concentrations just bacteriostatic inhibited noncompetitively 
the aerobic oxidation of glycerol and laefate by S aureus (table 22); of 
glycerol, lactate, glucose, pyruvate, ethanol, and acetate by B. cereus; and 
of glycerol, lactate, pyruvate, succinate, and acetate by S. sonnei. Anaer- 

TABLE 22 


Effect oj streptomycin on tkc aerobic oxidation of glycerol and lactate by S. 
aureus (23) 
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obically, streptomycin inhibited the formation of COz from glucose and 
pyruvate by B. cereus and from pynivatc by S. sonnci. Resistant strains 
of these organisms >vcre affected only slightly or not at all by higli concen- 
trations of streptomycin. Tlic percentage of theoretical Oj consumption 
did not increase in any instance, nor did the U,Q. values change. Diicct 
elicmical analysis of supeniatant fluids from experiments with B. cereus 
and aureus showed that evciy instance of streptomycin inhibition resul- 
ted in an increased accumulation of acetic acid. In almost every' instance 
where inhibition appeared, it did so only after a lapse of time. The ques- 
tion of cell ponnc.ibiIity having been nileil out c.xpcrimciitally, it wa.s be- 
lievwl that this lag period for development of inhibition in.ay represent the 
lime during which some .substance c.sscntial for metabolhm is being dcpie- 
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ted and not being replaced. Streptomycin would then be blocking the 
formation of this essential substance, perhaps an enzyme. Although it 
was admitted that one could not conclude from these experiments that the 
inhibitions observed bear a causal relationship to the bacteriostatic action 
of streptomycin, it was pointed out that the following facts nere compati- 
ble with such a hypothesis: first, the inhibitions in the susceptible strains 
Were brought about by concentrations of streptomycin which just caused 
bacteriostasis; second, the same functions in resistant strains were affected 
appreciably less or not at all by much higher concentrations of strepto- 
mycin; thii*d, the pH activity curves for streptomycin were very similar 
in the two cases, fourth, salts reversed both phenomena; and fifth, strep- 
tomycin samples of varying purity produced the same degree of inhibi- 
tions, indicating that these inhibitions probably were not due to one or moie 
impurities present. 

The above u ork has been extended to multiplying cells of S. sonna with 
pyruvate and glucose as substrates, the addition of either of ^\bich to the 
basal medium used initiated multiplication (41). Inhibition of rates of mul- 
tiplication and of Oj consumption (per cell) usually incieased ^Mth time 
following a lag of approximately 1 hour before inhibition developed. The 
inhibition of Oj consumption was quantitatively less than the inhibition 
of multiplication The over-all inhibition of O 2 consumption closely par- 
alleled the inhibition of substrate utilization. Quantitation of the acetic 
acid formed during the experiments tended to indicate an mcreaso with 
increasing mhibition by streptomycin, the amounts formed, however, were 
so small as to lead to considerable experimental error in their defemii- 
nation. The percentage of theoretical O 2 consumption did not change sig- 
nificantly during streptomycin mhibition. 

The effects of streptomycin on the total nitrogen, pliosphoma, and ic- 
ducing substance content of multiplying cells of B. ccrcus were also 
.studied ^^^lelc inhibition of multiplication occurred with streptom 5 'cin the 
nitrogen and phosphorus content was lower, and the reducing substance 
content was inciouscd These changes arc somewhat difficult to infcrinct 
with our pre.'-ent knowledge. 

(leigcr f38) oh.sciwed that oxidation of amino acids by E. coU was facil- 
itated hy preincubation with fumarate or certain other caibon compoimds'i 
and that this increased ability of such cells to oxidize amino acids was in- 
hibited after a lag period of .30 minutes to 1 hour liy concentrations of 
btieptomycin as low as Ou /ig/ml It was suggested tiiut an unidentifieil 
intermediate may be fomied during the preliminaiy oxidation of tlie carbon 
compounds, that tins intcnnoliate mvolved in the subKHpient amino 
acid oxidation, and that streptomycin inhibits the metabolism of amino 
acids in the piescnce of the intermediate Experimental data indicated 
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that malate, succinate, oxaloacetate, glucose, lactate, and glycerol, but not 
pyruvate, are capable of replacing fumarate and possibly of producing the 
hypothetical intermediate mentioned above. Experiments indicated that 
the intermediate was located in the cells, that it was not CO2 or oxaloace- 
tate, and that it may be a phosphoiydated intermediate, since phosphate 
was necessary for its formation. Since COi production and O2 consump- 
tion during oxidation of fumarate were not atTected by sticptomycin, it 
ivas believed more likely that streptomycin blocked utilization of the in- 
termediate or promoted its decomposition, rather than prevented its for- 
mation. Geiger ^\as unable to show any inhibition of transaminations 
with SO Mg of streptomycin per milliliter. From these findings it was con- 
.sidered probable that the effect of streptomycin upon E. coh mvolves, at 
least as one mechanism, interference with amino acid metabolism. 

Related Foums of Streptomycin 

It has been established both by chromatography and by the Craig tech- 
nique of counter-current distribution that streptomycin concentrates con- 
tain two predominant substances, both active and related structurally. 
One, N-methyl-L-glucosamimdo-strcptosido-streplidinc, appears to bo the 
major component of crude and partly purified preparations. Tlie other, 
mannosidostrcptomycin, lias been investigated and has been found to bo 
a highly elective antibacterial agent. Whether these two stieptomycins 
or their hydrogenated forms — dihydrostreptomycin anddihydromannosido- 
streptomycin — are alike in their modes of action is not laiown. Their 
antibacterial spectra are qualitatively the same. 

It has been suggested that the activity of dihydiostreptomycin results 
from Its oxidation to stzeptomycm by the bacteria. This has not been 
piovcd, hoMever, juid one must await further study before evaluating 
its mechanism of action. 

Streptomycin residues, picparations remaining after removal of highly 
purified sticptomycin fiom impure sticptomycin concentrates ami having 
antibacterial properties, have shov%n enhanced activity. The piotective 
action of thos<’ icsiducs against experimental tubercular infections in mice 
is greater than that of a comparable amount of cither the X-mctliyl-i^ 
glueosiminido-streptosidostreptidine or the mannosidostieptomycin pics- 
ent in them. Clarification of the cflcct of impurities on the action of 
streptomycin in mo ultimately may alter our concept of (he mechanism 
l)y whieli sticptomycin acts within the ho^t. 

Discussion 

The meehani.'-ms by which antimicrobial agents function have been of 
interest to investigators in the field of biologj' for many years. Despite 
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numerous studies designed to elucidate the mode of action of these sub- 
stances, there is still, in most cases, no clear conception of the actual steps 
involved. The complexity of living organisms and the technical difEcul- 
ties in observing reactions within these cells have made it difficult, if not 
at times impossible, to determine the exact mechanisms involved. 

It has been proved that certain factors affect the antimicrobial activity 
of streptomycin, and it has been su^ested that certain other factors may 
influence its activity. It is recognized, however, that many of the data 
on the mode of action of this drug are still inconclusive. 

Streptomycin is capable of both bacteriostatic and bactericidal actions. 
Bacteriostasis is the inhibition of cells normally capable of multiplication, 
and it seems quite possible that what is sought hi studies on the mode of 
bacteriostatic action may be absent if resting cells are used. It has been 
demonstrated, for e.xample, that sulfanilamide has no effect on the 0: con- 
sumption of resting, unfertilized eggs of the sea urchin but inhibits the Oj 
consumption of fertilized, multiplying e^. 

The acquisition of resistance to streptomycin or of dependency upon 
this drug probably is closely related to its mode of action. It is possible 
that the answer to one problem would clarify the other. A concomitant 
study of resistant strains derived from the susceptible strains used in 
research on the action of streptomycin would serve as a guide to iibether 
the response to streptomycin which is measured is related to the bacter- 
iostatic activity of streptomycin. 

Most of the ivork reviewed herein was done before the heterogeneity of 
streptomycin concentrates was resolved and before purified compounds 

were available. IVhether N-methyl-L-glucosaminido-streptosido-strepti- 

dine, raannosidostreptomycin, or the hydrogenated forms of these are 
alike in their modes of action is not knowTi. Insofar as possible, there- 
fore, future experimental work should be done with the purified forms. 

It IS evident from the reports discussed above that there are numerous 
cases of disagreement m results of different workers employing different 
organisms or even different strains of the same organism. It is usually 
assumed tacitly that the mode of action of an antibacterial agent is the 
same for different organisms; this conceivably may not be true in all cases. 
Whether this accounts for contradictions between reports or whether dif- 
ferences in the preparation of streptomycin or m the experimental condi- 
tions used arc responsible cannot be determined. It would seem advisa- 
ble, however, to examine as many oiganisms as feasible in any research of 
this nature. 

The value of streptomycin lies in its tn aio, not in its in vitro, activity. 
It is assumed that the mechanism by which streptomycin acts on the bac- 
terial cell itself is the same tn vilro and tn mo. In evaluating the action 
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of this or other chemotherapeutic agents in vivo, ho^Yever, the added ef- 
fect of the defense mechanisms of the body must be considered. 

The following available observations bear on the problem of the mode 
of action of streptomycin; streptomycin activity varies directly nith 
concentration and inversely with hydrogen-ion concentration; little or no 
faticptomycin enters the bacterial cell; the antibiotic is adsorbed by the 
bacterial cell, desoxyribonucleic acid, thymonucicoprotein, certain otherpro- 
tcins, and cellulose; it often exhibits a biphasic action; it is both bacterio- 
static and bactericidal, depending on several factors; the bacteriostatic 
action of streptomycin appears after a lag period; its action is antagonized 
by most inorganic and organic salts and by many sulfhydryl compounds; 
bacterial strains develop resistance to streptomycin at a rapid rate and 
to a great degree; bacteria can become dependent on streptomycin for 
growth. It has been reported that streptomycin is antagonized b^' lip- 
ositol; it also has been reported, but not always confirmed, that strepto- 
mycin inhibits the metabolism of carbohydrates, ribonucleic acid, benzoic 
acid, and amino acids. 

It is apparent that a definite conclusion as to the mode of action of strep- 
tomycin cannot be reached at present. It seems clear, however, that 
streptomycin inhibits certain bacterial enzymes, and it may be that 
the process of cell division or the synthesis of protoplasm is blocked by in- 
terference by streptomycin with one or more enzyme systems essential to 
these functions. 
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Chapter 13 

SYNERGISM BETWEEN ANTIBACTERIAL SUB- 
STANCES WITH SPECIAL REFERENCE TO 
STREPTOMYCIN 


The term synergism when applied to antibacterial substances should con- 
note the ability of two agents acting simultaneously to bring about bac- 
teriostasis at individul threshold concentrations which are lower than could 
be accounted for by a mere summation of the individual effects of the 
discrete substances. Because practical difficulties may sometimes arise in 
establishing this criterion, the term, for the purposes of this discussion, 
IS broadened to mclude those instances where the bacteriostatic effect in 
intro or the curative effect in tnro of a paiticular drug is substantially in- 
creased by addition of another agent. 

The occurrence of synergism has been recorded between pairs of various 
nonantibacteiial drugs, between various insecticides, between fungicides, 
between various “germicides” uith surface-tension depresbants, and be- 
tween phenols with the organic solvents acetyl methylcarbinol and diace- 
tone alcohol. Current studies with sulfonamides, dyes, sera, and anti- 
biotics will add to an already lengthy list of reported potentiation. 

Sitn’eugism uutweex Modern Ciiemotherapeutic Agents 
With respect to the modem chemotherapeutic agents, the pobsibility of 
hyneigism seems first to have been determined by Neter (1), who de- 
M-ribcd an tn vitro potentiation of sulfanilamide induced by azochloramid 
agiiiiibt group A hemolytic streptococci and enterococci. Xeter indicated 
that hib experiments were prompted by the woik of Ilendcrbon and Goror, 
which was coiifimied by Mather, that a tenfold “synergic” curative re- 
hponse against “vibrion bcptique” in mice was effected by joint Ubc of sul- 
fapyruline and antitoxin or antibacterial immune sera. Sclimelkes and 
Wvss (2) showed a similar “potcntiatcfl” rather than additive ofTcct hc- 
azochloramid, wetting ageiiU, and a number of sulfonamides against 
\arious s|K'eies of bacteria from infi'cteii wounds. Skelton (3) confirmed 
the sulfonamidu-azochloramid relationship i« vitro against S. tujalacliac, 
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but the combmation proved hannful in attempts to control bovine mas- 
titis. 

Thatcher (4) reported a sjmcrgistic action betueen metlydene blue or 
brilliant cresyl blue nitli sulfonamides against E. coli and S. aitrcus. Un- 
der specific conditions, sulfathiazolcand methylene blue togethenvereshoHn 
by Thatcher and i\facLean (5) to be Iiiglily effective in vivo against E. coli 
in various urological habitats. Marked improvement bj' the combina- 
tion over the effects of the individual agents used singly was frequently 
observed. 

!McIntosh and Selbie (6) found that acridine dyes and sulfathiazole 
were more effective in combination tlian when used alone for treatment of 
wounds infected with various anaerobic bacteria. 

In vitro studies by Gersbenfcld and Sagin (7) indicated a marked syn- 
ergism bet\\een. sulfonamides and boUi anionic and cationic detergents 
against E. typhosa. A similar ^mergism in the use of tyrotliricin irith 
sulfonamides against bacteria of the upper respiratorj' tract was sliown by 
Kelso and Thomson (8). 

Sul/onamidcs and penicillin 

Either sjnergism or additive effects between sulfonamides and penicillin 
have been reported by many workers. Ungar (9) described a synergistic 
effect against pneumococci between penicillin and para-aminobenzoic acid 
or sulfonamides This work was soon paralleled in vivo by Soo Hoo and 
Scluiitzer (10) against streptococci. T’sun T’ung (11) reported a similar 
effect against Z?r. aborlns. Bigger (I2) in the same year indicated that of 
se^'eral sulfonanudes used in combination with penicillin in vitro, sul/a- 
thiazole was the most effective. Tins last combmatiou was later found by 
the same author to e.\ert a synergistic effect against “B. lyplmum.” 
gouroux and Leyton (13) extend the potentiation of penicillin action by 
para-aminobenzoic acid and sulfonamides against several pathogenic bac- 
teria. 

In vitro studies demonstrating the same principle of the inci'cascd effec- 
tiveuess of penicillin in the presence of sulfonamides have been carrieil out 
by a number of iiu estigators. Some workers have concluded that, in vitro, 
sulfonamide does not appreciably alter the “bactericidal” action of pen- 
icillin if penicillin is already present in amounts above the minimal effec- 
tive concentration, though sulfonamide does bring about a reduction of 
this value against seicral strains of viridans streptococci. The other au- 
thors in this group reported that the combined action is one of additive 
effect, not true potentiation. 

Waring and Smith (14) first pointed out the improved therapy in the 
treatment of pneumococcic meningitis by the simultaneous use of sulfon- 
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amides and penicillin. A more recent study by Barnet (15) endorsed the 
value of such a combination against this particular disease. After indi- 
cating that cither agent alone was repeatedly ineffective, the author stated 
that the intrathecal use of penicillin G with orally given sulfadiazine pro- 
vided complete recovery. Zinneman (16) also offered clinical evidence 
that this combination is substantially more effective than either agent used 
singly in the treatment of meningitis caused by H. influenzae. 

The advantage in using penicillin simultaneously with sulfonamides is 
now being recognized in veterinaiy practice against S. agalacliac and other 
gram-positive bacteria present in bovine mastitis. Various investigators 
submitted evidence that penicillin used with a number of sulfonamides 
is more effective than either agent alone. Johnson and Roberts (17) 
undertook a critical study to test the syneigism concept, and reported that 
“the infusion treatment of mastitis with the combination of a sulfonamide 
and penicillin produced better bacteriological and clinical results with 
fewer ingestions than with either one of the drugsadminisjered separately." 

Penicillin and agents other than sulfonamides 
Increased effectiveness of penicillin has also been reported when used 
with other agents, namely with uica, urethane, nicotinamide, ascorbic 
acid and riboflavin, and with certain dyes. More recently improved re- 
sults in the treatment of syphilis have been obtained by using penicillin 
with other drugs. Kolmcr (18), in tlic treatment of experimental syphilis 
in rabbits, showed that the combination of one-third to one-fourth the cura- 
tive dose of oxophenarsine reduced the minimum cur.ativo dose of penicil- 
lin from 100,000 units to less than 10,000 units/kg in acute syphilitic or- 
chitis. Bismuth or potassium tartrate in oil injected intramuscularly also 
showed “decided synergistic or additive therapeutic effects with penicillin 
in this disease.” Leavitt (19) reported that the use of those same combi- 
nations inncurosyphihsprovidesslightlybcttcrrcsults than penicillin alone, 
but the improvement is not suilicient to warrant the risks of combined 
therapy as contrasted with the safety of penicillin alone. On the other 
hand, a positiNc value in using a combination of pcnicillin-mapharsen-bis- 
muth in treating 201 eases of early hyman syphilis has been icported. A 
5-\\cek tieatmcnt provided s.ati&facloiy progress in 90 per cent of the ca-cs; 
1.5 per cent were failure.s, .and the rest arc pending. 

The use of caronamide with penicillin, while providing improved ther- 
apy, IS perhaps beyond the scoi» of this discussion in that the caronamide 
is considered to function by reducing the tubular excretion of penicillin 
and hence prolonging the maintenance of an effective blood level. 

1 he recent \\ ork of Pratt and Dufrenoy (20) seems to indicate a true syn- 
ergi.-m between ixaiicillin and the cobalt ion. Tlic first paper indicated 
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that trace amounts of cobalt “markedly lowered” the concentration of 
penicillin required to produce bacteriostasis. Parallel in tiro results with 
respect to the action of this combination against S. typhosa in mice are 
presented in the second paper. 

Sirepiomycin and other agents 

Streptomycin is also subject to potentiation by other agents. Thatcher 
and hIcLean (5) reported synergism against several gram-negative path- 
ogens between streptomycin, several sulfonamides, and aeriflavine and 
other dyes. The usefubess of a combination m leducmg the “survival 
of adaptive forms that give rise to resistant strams” was pointed out. 
Similar concepts were independently developed by Klem and Ivimmelman 
(21). These workers concluded that synergism between streptomyem and 
sulfadiazine was related to delay in the development of resistance to strep- 
tomycin brought about by the presence of the sulfonamide. Figures 36 
and 37 taken from their publication (21), show that the effectiveness of a 
given concentration of sulfadiazine is, m general, mversely related to the 
numbers of cells present in the medium. Hence, it is argued, the “poten- 
ciatmg" effect of the “sulfa” on streptomyem may be due to the fact that 
the few streptomycin-resistant cells that survive c.\posure to streptomycin 
are easily destroyed by relatively low levels of sulfadiazme. 

MacLean and Smith (22) have leported the use of a combination of 
streptomycin and sulfadiazme or sulfathiazole in treatment of nootuber- 
culous urinaiy tract mfections; from this study they concluded that “there 
was no evidence of mcrcased ‘bacteriostatic’ action through the addition 
of sulfa drugs to streptomycin Their conclusions, however, appear to have 
been based on the complete disappearance of clmical symptoms rather 
than of the bacteria present at the beginning of therapy, for in only tuo 
of twenty-eight cases tliat received both drugs did the combination fail 
to remove the bacteria initially present m the urine of the patients, as com- 
pared \Mth si\ of t^^clve casch rereiving streptomycin alone. It seems 
reasonable to suggest that if symptoms aie due to factors other than the 
specific presence of a particular organism or group of organi&m«5, or if con- 
tinuous icmfection can occur, then a liactonostatic agent can not logically 
be expected to effect an unconditional cure 

The value of simultaneous use of .streptomycin with sulfonamides seems 
to be reccivmg wide acceptance in the treatment of influenzal meningi- 
tis Little (23) has roportcil the experiences of several practitioners to 
this effect, and his owm results have indicated that streptomyem with sul- 
fadiazine is definitely more effective tlian either agent alone. On the 
other hand, Alexander and Li-idv (24) stated that tlie therapy value of 
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Fio. 36. Inlubitory action of streptomycin, pcQicilliD, and sulfudiazioc— singly 
and combined— on susceptible S aureus P — ncnlcillin, 0 06 u/ml. S - strepto- 
mycin, 8.0 u/ml. SD - sulfadiazine, 1:5,000. P + S • penicillin, O.Op u/ml plus 
streptomycin, 8 0 u/ml (hnal concentrations). SD + S » sulfadiazine, 1:5,000 
plus streptomycin, 8 0 u/ml (final concentrations) (21). 



loiiiNrtn. 6 0 ujml M’ctlc<i iMth ori'ainsms groMii for IS hours in S 0 ii 'ml Btroptii- 
nijcin plus llo.UOO 8Ulf.uh:tziiit' (hnil concentrations) (211 
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btreptomycin alone was not enhanced- by addition of sulfadiazine against 
type b H. influenzae in mice. 

Spink, Hall, Schaffer, and Braude (25) and Pulaski and Amspacher (26) 
have indicated a combination of stieptomycin and sulfadiazine as a speci- 
fic treatment against human brucellosis. The latter paper indicated that 
streptomycin alone has no therapeutic value in this disease. This uas 
confirmed by Gilman and LeGrow (27), though contradictor}' evidence 
was cited by Spink ct al. (25). These latter workers noted a valuable cor- 
relation between tests for therapeutic agents carried out with living chick 
embr}'os and clinical results in human dUease. Br. abortus was isolated 
from the liver of embryos treated with sulfadiazine alone m 92 per cent 
of cases, 77 per cent after streptomycin therapy, but only 13 per cent after 
use of a combination of the two. In humans the combination of the two 
was markedly effective, including success in conditions normally proving 
fatal. 

SjTieigibtic combinations aic receiving particular study in their appli- 
cation to treatment of tuberculosis. Combined treatment of streptomy- 
cin with sulfones has prove<l of superior value to streptomycin alone. 
Streptomycin and dia-^one treatment in experimental tulierculosis of guinea 
pigs has piovided “p^^rticularly noteworthy lesults,” according to some 
investigators. Smith, McClosky, and Emmart (28) have offered similar 
comment with re^-pect to streptomycin and promin. In c.\periments with 
white rats, viable tubercle bacilli were isolated after treatment from all 
animals receiving promin alone; stieptomycin alone leduced the numbers 
of viable bacteria piesent, but with the two agents together plates from 
41 per cent of tested animals remained sterile. With the last treatment, 
surviving bacilli were markedly decreased in numbers, with re.-pect to 
other treatments, and were attenuated. 

Smith, ^IcClosky, and Emmart (28) have also compared the action of 
streptomycin with other sulfones and with sulfadiazine by computing a 
therapeutic ratio based on the lelative amounts of tissue with tubercular 
involvement in the control animals, compared with that in treated animals 
(guinea pigs) These re.sults arc sIiowd in table 23. -VcconHng to the 
authors, these values illustrate a “therapeutic s}Tierg}’ ” 

McGregor (29) indu-utcd mutcss m treatment of tuberculous meningi- 
tis by combined use of streptomycin and promin, streptomycin alone prov- 
ing a failure in comparalile cases. 

Morton (30) has pointed out another advantageous field for the usc of 
a s}'nergistic combination of therapeutic drugs. The preoperative use of 
streptomycin and sulfathahdme m urological surgery has reduced post- 
operative infection in cases where E colt, Proteus sp. and Ps. aeruginosa 
had been present Prevention of development of resistance to strepto- 
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mycin was given as the reason for the advantage in using the two agents 
together. MacLean, Smith, Bower, and Smith (31) have shown similar 
value in using streptomycin and sulfathalidme preoperatively in uretero- 
intestinal transplants. “Bowel sterility or nearly so” uas accomplished 
by the combination. 

Para-ammosalicyhc acid is currently receiving attention as a synergist 
with streptomycin against M. tuberctUosis, though workers at the National 
Institute of Health appear to have developed more promising prepara- 
tions for this puipose * Following Lehmann’s indication that para-amino- 
salicylic acid was the best of many synthetic antibacterial preparations 
tested m the treatment of tuberculosis, Youmans, Youmans, and Osborne 
(32), using mice, leported a confirmatory study and showed that para- 
aminosalicylic acid combined with a daily dose of 750 fig per mouse 
TABLE 23 


BJfcct of ivlfones and aireplomyctn alone and tn cotnbtnalion on tubercular 
development in guinea pigs (28) 


TREAnECNT 

1 XAiios or TosescviAR 

1 tNVQLvaaKTor 

1 COVntOM COilMBO 
WITB TREATED ANNUALS 

Streptomycin alone 

14.4 

(I) 4>ammo'4'-n‘propylamiQo-pheny]sulfono (alone) 

3.7 

(II) 4*amlno-4'-n-propylamino<dipheny)sulfonc (alone) 

1.8 

(III) Sulfadiazine . . ' 

l.O 

Streptomycin -b (I) 

28.C 

Streptomycin -b (II) 

18.2 

Streptomycin -b (III) ■ 

14.5 


gives a greater elTect than either substance alone. This response, how- 
ever, is only e(iual to that piovided by 3,000 pg of streptomycin alone. 
From this, the icsult is considered an mlditivo clfect rather than a 
potentiation. Youmans cl al. showc«I later that para-aminosiilicylic acid 
is efTcclive in inverse* proportion to tlie numlK*rs of liactcna pie-sent and 
statcil that para-aminosalicylie acid plus streptomycin exeit a giealer 
.suppH'ssiw effect on the tnbei('iilon.s putcc.-y'i in mice than does either 
subsLance alone. 

Other attempts to find an adjuvant for btreptomycin have been under- 
taken, though no suggestion of the oecurrence of a true synorgi-'m has been 
made Slotkm (33) reported thatehaulmoograoil aids&troptomycin in its 
antitubeicular efTcct by remlenns the protoplasm of the bacilli more acees- 
sible to the baetcriostatic tlrug. Stroplomycm with oil is more cfToctive 
than when ukhI alone, both jn titro and again-sttuberculo'i-* in guinea pigs. 

I D»la seen on a'vbitofthcAAAS to the Xational Health Institute, 13 ctbc 3 da,.Md. 
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Stiulicb with a limittul number of humans were inconchisi\ c. Maclxan 
ct al. (31) suggested that the oil may improve the elTcct of sticptomycin 
in renal and piostatic tul)crculosis, thougli again they indicated iiicon- 
clusiveness. 

Woody and Avery (34) have presented inteiesting data on the combined 
effect of potassium iodide and streptomycin on established tuberculosis in 
guinea pigs ICT, the authors reported, may facilitate '“^soIution and ad^o^p- 
tion” of caseous matter about the cells, exposing the bacilli and rendering 
them vulnerable to chemotherapy. AVith these agents introduced into 
the guinea pigs 21 days after inoculation, five of ten pigs treated «itli 
streptomycin alone showed tubercular involvement of the viscera. Xo 
tuberculosis was found in the animals receiving both agents. \Mien tieat- 
ment was begun 4 weeks after inoculation, the percentage mortality ratios 
were as follows: controls — 100 percent, streptomycin alone — 46,1 percent, 
streptomycin plus KI — 14.3 per cent. 

Anderson and Chin (35) have reported "synergistic” effects of “Bri- 
tish anti-lewisite,” which is 2,3-dlmercaptopropanol, with streptomycin 
against various Mijcobacienum species, though the effect of the anti-lewisite 
was less pronounced than when used with subtilm. Each combination 
was ineffective against .1/ lysodakliciis. The mode of action was not 
suggested. 

The Physiological Basis of Syxergis.m 

The foregoing litcratuie indicates clearly that lack of agreement e.\i&ts 
ah to whether the improved activity of one drug as brought about by the 
pre&ence of another lepiesents a true syncrgi&m or whether merely an ad- 
ditive effect IS being obseiwcd 

Critical in vxiro studies of the |)cnicilhn-*ulfonamuIe interaction ha\e 
been carried out by a number of investigatorb. From a study of growtli 
cutA’os, it was indicated that no true potentiation occurs, but that the 
ob''Crvcd increase m bactenostasis brought about by the combination is 
merclj’ an additive effect of the individual components. In agiecment witli 
this, others stated that the additive effect occui-s only when each agent 
is present at a concentration sufficient to initiate baeferiosfasis indepen- 
dently, and that the amoimt reciuired will depend upon the numbers of 
organisms piesent They did not infer that this is the only ba'^is for oc- 
currence of synergism 

That "synergism”, that is, true potentiation, can occur between dnigs 
is well illustrated by the work of Bliss, who examined the effect of mix- 
tures of insecticides, ami of fungicides Bliss (36) recognized three types 
of joint action, assuming no stable compound is formetl through interac- 
tion of the ingredients The percentage mortality inflicted was used as 
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a basis for comparison. Tlie three typesareasfollows: (a) independent joint 
action — here joint action is piedictable from consideration of the mortalitj’ 
curves of the individual ingredients and the lelativo susceptibility of the 
subject to the t\vo poisons; (b) similar joint action, in which the compo- 
nents of a mixture are mutually leplaceable, and joint toxicity is predic- 
table on the basis of the relative proportions of each in tlic mixtuic; such 
action would provide the “additive” effect cited in several instances of 
jomt use of bacteriostatic agents; (c) synei^istic action, an eiTcct whicli is 
''Ubicct-spccific and is noncomputalde from a study of individual cfTccts, 
though Bliss was able to deduce t“ertain generalizations tliat aie subject 
to matliomatical tieatment. All thiee types may be iccorded in the foie- 
going literature icvicw. 

Ilciman (37), i\orking in the wiitci’s laboiatory, has examined the mu* 
tiial elTect of sulfonamides, streptomycin, and penicillin by metliods based 
on those of Dimond and Hor&fall, using several species of Salmonella as 
test organisms. To obtain the optimum lelativc concentration of the tuo 
drugs, progressively inci casing quantities of one agent and decreasing (luan- 
tities of the second wore added to media containing standard inocuUv in one 
.‘'Crics of cxpeiimonts, and in another series, the second agent uas added 
m ascending amounts and the first in decreasing amounts. Semisolid media 
\Ncie used so tliat discictc colonics developing from a single cell could be 
loeognizod. EiTcctivc bacteriostasis was reported when no colonics were 
vi^ibIe uftei incubation at for -4 days. 

Table 24, adapted from Herman, indicates the lutios of the amounts of 
antibacterial substunccs ic(iuiicd to inhibit giowth when used alone cum* 
paicd with the amount icquired when in a combination. .Sj>ccies .'-peci- 
heity i.s appaicnt. When combined with a constant subletlial amount of 
Milfathiazolc', neither penicillin nor streptomycin when diluted more than 
1 : 4, is usually clTectivc against the Salmonella. Sulfuthiazole, however, is 
ctrcctiM' when diluted beyond i:8. In this iiistaiiee tfic sulfa-stieplomy- 
cm ctTcet is not ascribalile to an additive olToct alone. Moieover, siilfa- 
thiazole wlicii used in iclativcly huge but subletlud amounts against the 
Mweial Sahiwndln species, inhibits bacterial motility, jnoihietion of gas 
l>iil)l>les 111 the medium, and surface growth The amounts of sulfatliiazolc 
winch, whisi c-ombined with jX’iiiciUin or sticjitomyem, would conqili'lely 
inhibit growtli woie so low tliat if iistxi alone they would jnovide no evi* 
driH'c of any sUcli m.ieioscopic eilect. 

Ihuteliei an<l Murmur (.38) have made pieliininaiy imiuiries into tlio 
pliv-iologic.d li.i'js of synergism following the working hypotIifs<s elahor- 
uted by lli.itilier and MaelAxm (."»). These hypollioM's were on ihc 
Mjiiti'inporary kinmlcxlge of the mode of action of antibacterial agents. 
It was argmsi that synergism couhl 1 h* e\jx*ct<Hl aceonling to the following 
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SUvdies with a hmitctl numljcr of humuns ^Yele mconclusive. MacLcan 
tl al. (31) suggested that the oil may improve the efTect of streptomycin 
in lenal and prostatic tuberculosis, though again tliey indicated iijcon- 
clusivencss. 

Woody and Avery (34) have picsented inteiesting data on the comliincd 
efTect of potassium iodide and streptomycin on established tuberculosis in 
guinea pigs ICI, the authors reported, may facilitate “solution and adsorp- 
tion” of caseous matter about the cells, exposing the bacilli and rendering 
them vulnerable to chemotherapy. With these agents introduced into 
the guinea pigs 21 days after inoculation, five of ten pigs treated iiith 
streptomycin alone showed tubercular involvement of the viscera. Xo 
tuberculosis was found in the animals receiving both agents. WTien treat- 
ment uas begun 4 necks after inoculation, the percentage mortality ratios 
were as follows: controls — 100 percent, streptomycin alone — 4G.1 percent, 
streptomycin plus KI — 14.3 per cent. 

Anderson and Chin (35) have reported “synergistic” effects of “Bri- 
tish anti-lewisite,” which is 2,3-dimercaptopropanol, with streptomycin 
against various il/'t/co6ac/crju>n species, though the effect of the anti-lew isite 
was less pronounced than when used with subtihn. Each combination 
was ineffective against ^f. It/f^oddkhats. The mode of action was not 
suggested 

The Physiological B.\&is of Synergism 

The foregoing literatuie indicates clearly that lack of agreement 
as to whether the improved activity of one drug as brought about by the 
presence of another repiescnts a true synergism or whether merely an ad- 
<iitive effect is being ob&er\e<I 

Critical in rifro studies of the pcnicillin-sulfonamule interaction have 
\>een earned out by a number of investigators. From a stmly of growth 
curves, it was indicated that no true potentiation occurs, but that the 
oii&erved mcreahc in bactenostasis brought about by the combination i» 
merely an additive effect of the individual components In agieement with 
this, others stated that the additive effect occurs only when each agent 
is present at a concentration .*-011101001 to initiate bactenostasis iiulcpen- 
dcntlv, and that the amount miuired will depend upon the numliers of 
organi'-ms pre.'cnt They did not infer that this is the only basis for oc- 
currence of synergism 

That “synergism”, that is, true potentiation, can occur between drugs 
is well illustrateil by the work of Bliss, who e\ainincd the effect of mix- 
tures of insecticides, and of fungicide-. Bliss (3(5) recognizetl tlirce types 
of joint action, assuming no stable compound is formed through interac- 
tion of the ingredients The percentage mortality inflicted was used as 
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vide the full or only explanation. Using actively growing cells of E. coli, 
Ps. aeruginosa and S. aureus in a complete medium containing lactate as 
respiration substrate, Thatcher and Marmur have shown that use of a 
synergistic combination of antibacterial agents brings about a substan- 
tial increase m inhibition of oxybiontic respiration as measured by the 
Warburg method (figs. 38 and 39). This was true for streptomycin with 
sulfathiazole or euflavin, and for sulfathiazole or sulfanilamide with meth- 
ylene blue or uith euflavin. 



TIME IN Mm 

I'iq. 38 ThocITret of aiitihaclcrialsulHtaiicoa, alone ami m comliin.it ion, u|>oii tliu 
cumiilutivo oNyRcn iipUikc of .ictivc rullurvH of K. c<ili (:{S). 

'I'licM' '■uggi*>t that Micplomyrin ami .sulfathiazole owe their imi- 

loal potentiating elTects to the fact that each atis ui)on a dilTorent enzyme 
^•(luenee 'I'he evulein e an follows: (a) AtUlitmn of cyanide to ^tIepto- 
m\cin incie.i.'<‘.s the ie.-pnator>' inhibition over that of either alone, wheit'a.-* 
cvanide lias little elTeel on the inhibition caused by sulfathiazole. This 
may indicate that cyanide and .Milfoiiamide, each a highlj' active inhibi- 
tor, may under aerobic eoiuhtioiis lie primarily active upon the siunc or 
mutually flc|x‘ndcnt i'ystem.-*. Aildition of one to the other, therefore, 
has little clTfct. On the other hand, strcpUimycitt ami sulfathiazole and 
euflavin (or euflavin and sulfathiazole) inhibit different systems (as shown 
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concepts: (a) By use of a drug which “blocked” the activity of a respira- 
toiy route alternative to that already “blocked” by another bacteriostatic 
agent. This would lead to frustration of the development of resistance, 
(b) If the redox potential (Eh) wore poi^d at the site of action of a par- 
ticular oxidative enzyme, then the action of a specific inhibitor could be 
incicased by poising at an Eh which provided maximum inhibitor-enzj’mc 
interaction, or by poising the Eh at a value which mterfcied with those 
reactions essential to the synthesis of the metabolite or coonzyme hypo- 

TABLE 24 


Ratios of amounts of anitbaclcriat substances requiTcd to inhibit groiclh xchen used 
alone compared with amount required uken used in a combination* (37) 


otGA^-ISlc usca 

eiFSCTIVE tATlOS 
vscD A scarATHiAioLe- 

rCKiauiM M1XT1,SC 

EFreCtlVE EATIOS VnSLN 

USED Dl A SUIFAIBIAZOLE* 

stxErromay vums 

SuinihlAtOtc 

rerucillm 

Sulfa tJiuxoIe 

Sufptorayeia 

301 S. enteritidis. . 

10:1 

2:1 

10:1 

2.5:1 

303 S. enteritidis 

8:1 

4:1 

8:1 

4.0:1 

315 S. enteritidis 

5:1 

2:1 

5:1 

2.5:1 

310 S. enteritidis 

60:1 

2:1 

6:1 

5.0:1 

317 S. newport 

0:1 

2:1 

6.T 

2.5:1 

331 S. thompson 

10:1 

10:1 

8:1 

10.0:1 

320 <S gallinarum 

1 2:1 

2:1 

20:1 

2.0:1 

325 ,S. pulloTum 

4:1 

1:1 

4:1 

5.0:1 

308 S. cholerasuts 

8:l 

4:1 

8:1 

2.0:1 

344 S. cAoterosuis 

8:1 

1:1 

8:1 

2.5:1 

340 iS. paratyphi 

10:1 

4:1 

10:1 

1,0:1 

342 S schottmuUeri 

20:1 

2:1 

20:1 

2,0:1 

337 S typhosa VII 

30:1 

4:1 

80:1 

3.0:1 

F D A. S typhosa 

20:1 

5:1 

20:1 

1.0:1 

310 S. iyphtmurtum 

16:1 

4:1 

S0:1 

1.0:1 

343 S lyphimuTium ' 

8:1 

2:1 

40:1 

1.0:1 


* Incubated at 37®C for 4 days 


thetically being immobilized (for example, sulfanilamide-para-aminoben- 
zoic acid) (c) .iVn additive effect could be expected if two agents were 
independent^’ active against the same phase of bacterial metabolism, (d) 
By effecting a significant change m membrane permeability and hence 
facilitating the development of a critical mtoinal concentration of the an- 
tibacterial agent 

Admittedly, tlic&e coiuepts were entiiely speculative, but some evi- 
dence has been obtained in support of more than one of them. It has 
alieady been reported that hindrance of the development of resistant 
strains is part of the basis of synergism, but tins would not appear to pro- 
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is less inhibitory to this orgamsm than to E. coll, though the lever&c is 
true for stieptomyciu and for cuflavin. Furthermore, addition of a small 
amount of pyocyanin (at a dilution of IQ-^) to E. coli reduces the sulfona- 
mide inhibition. Hence, the cyanide-sensitive systems (including the cy- 
tochrome systems) do not appear to be affected by stieptomycin or eufla- 
vin, nhereas part of the sulfonamide effect under aerobic conditions may 
be against such enzymes or against a system integrated with them. Hence 
the activity of the two together would result in increased inhibition, as 
found experimentally. 

Quantitatively this would be an additive effect, but it should be borne 
in mind that a certain minimum of energy over and above that required 
for cell maintenance is necessary bcfoie cells can multiply effectively, and 
the inhibition of each specifically “attacked” enzyme (not necessarily com- 
plete inhibition) could more readily result in a sum total of available energy 
that is below this minimum. Hence bactenostasis occuis. This provides 
a synergism in lelation to bacteiioslatio effect in that only a small increase 
in inhibition of energy metabolism over that provided by one agent would 
bo necessary to establish the highly significant difference between tolerance 
and bacteriostasis. 

This is further home out by the fact that lesislonce to a synergistic com- 
bination develops much more slowly than to either ingredient alone (38). 
This would be in accord with the concept that resistance to a single agent 
arises through activation of an altcniativc system, possibly through mod- 
ification of an existing enzyme. Thus if the alternative system is being 
icpiosscd concurrcntlj' with the first, then a thiid system would need to be 
activated in older for the cell to become resistant to both agents simul- 
taneously. To what degree can this happen? 

Similar conclusions have been drawn fiom studies of the synergism 
obseived between sjnithetic plcims (compounds of structure similar to 
“folic acid” ) and sulfonamides. Suifonamidcs prevented sjmthcsis of fo- 
lic acid (for which para-aminobcnzoic acid apjxxirs to bo a precursor). 
Itwas suggested that the inhibitorj' pterins probably prevent the formation 
of an enzyme in which folic acid acts as the prosthetic group. Hence, the 
synergistic antibacterial effect would result from independent inhibition by 
the resiicctive agents against distinct enzyme systems, just as wo have sug- 
gested for the streptomycin-sulfonamide interaction. A mutual potentia- 
ting cffeit provided bj’ penicillin and sodium azide or gentian-violet or 
inertlnolati* han bci'ii evpl.ained as due to all agents acting upon a com- 
mon cnzNine. 

I'.li jioising may also be a factor in some instances of .synergism, 
'riuteher and MaeLean (5) reported tlwt the nuilually potentiating 
li.ieteno'tasis by siilfenamidcs and Hh-|Kiismgdyesi.s ile-.troyetl by suixirim- 
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lij' tlicir lelative ic-'^ponte to Q'aiiide). (b) Ps. aerugiuoia po&scs^es the 
pigment p 3 ’ocyanin which can kjivc as an alternate for cj’tochrome in the 
oxidation of a-glj’ceiophosphatc to phosphoglj’ceraldehj’de (39). This or- 



Fjc 39. The effect of antibacterial sul>ataiiccs, alone andmconiliiiution, upon tlic 
cumulative oxjgen uptake of active cultures of airuginosa (.lili 

ganism is also rclativch' rcHstant to sulfonamide^ In accord with thii 
concept of Korr (30), cyanide (at the optimum represeue concentration, 
namely, 10"* -^f) ^*^**^* elTcct upon the respiration of 

Ps. acruginoia, while being markedly active against E toll. Sulfonamide 
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brane, particularly by lipoid-insoluble substances, needs to be considered 
before a full explanation of drug activity is likely to be established. 

Thatcher and Marmur examined the effect of salts upon streptomycin 
and other bacteriostatic drugs from the point of view of their effect on 
permeability, using monovalent, divalent, and trivalent cations and mem- 
bers of the Hofmeister lyotropic series among the anions. The latter had 
very little difference in effect, though all salts except carbonates had a re- 
pressive cffcctupon the activity of streptomycin and upon the sulfa-mcthy- 
Icne-blue combination. Aluminum chloride was highly inhibitive, much 
more so than chloride of Na, Mg, or Ca. The aluminum salt at a concen- 
tration of 0.0008 M was capable of reversing the effect of a normally bac- 
teriostatic level of streptomycin against E. coli in nutrient broth. This 
could be attributed to selective adsorption of the aluminum ions at ac- 
tivity centers of the membrane or intracellulariy to reduce, respectively, 
penetration of stieptomycin or its later metabolic interference. 

Carbonates had a potentiating effect upon streptomycin and upon sulfa- 
thiazolc. This effect against stieptomycin may be quantitatively reversed 
by sodium chloride in the respective molar ratio of 1:5. Since sodium 
chloride greatly reduces adsorption of streptomycin, the carbonate is pre- 
sumably inactivated by elution, though the direct cause of the carbonate 
action is not known (it was not due to pH change). Steward and Street 
(41), however, indicated that in cells of potato tubers relatively high levels of 
carbonate or bicarbonate at pH 7.0 mterfeiod with the entrance of a-keto- 
glutarato into the Kreb’s cycle from glutamate. The parallelism between 
the activity of sulfathiazole and triphcnyl methane dyes in stopping meta- 
bolic use of glutamate, is interesting hi relation to a possible raechanUm for 
streptomycin activity, as well as offering an explanation for the enhanced 
activity of streptomycin by carbonate. 

COMMENT 

In conclu^iion, it seems reasonable to saj' tliat, under specific circumstan- 
ces, antibacterial substances including .streptomycin may bo rendered more 
effective botli in vitro and in mo by their use in combination willi another 
approjiriate agent. The clinical value of using simergistic combinations 
would bo as follows: 

1. A more effective bacteriostatic action is frequently obtained. 

2. The danger of (le\ elopment of re.vistance to a gi\ en drug is minimized. 
Thi-^ jirovules opportunity for more prolonged therapy with that drug. 

3 .\n organi'in having re.»istance to a s|K‘cific dnig may be destroyed by 
u><‘ of a sjnergislic mixture when the concentration of the drug to which 
n-sistaiiee is manifest is a Miull fraction of the limiting amount that would 
be rtHiuireil to destroy the organUm with the drug alone. 
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posing another redox system upon the dye-induced system. Thatcher 
and Mannur extended their observation to streptomycin and acriSavine, 
alone or in combination, as well as to sulfathiazole and methylene blue. 
Addition of ascorbic acid, thioglycoUate, cysteine, and potassium ferri- 
cyanide at nontoxic levels lowered the potential of the medium in nhich 
each of the individual substances or mixtures of streptomycin-sulfona- 
mide, streptomycin-acrifla\dn, or sulfonamide-methylene blue were pres- 
ent. Inhibition was overcome, and growth occurred normally. The pos- 
sibility of specific interference by the»i reducing substances is recognized, 
but in light of the recent studies (1947) by Fratt and Dofrenoy (20) with 
regard to the influence of redox potential on penicillin action and on the 
symergistic penicillin-cobalt reaction, and in view of the influence of Eh in 
determining selection oi hydrogen carriers, the significance of Eh in bac- 
teriostasis and synergism should not be dismissed. 

On the other hand, an alternative concept of the effect of "artificial" 
hydrogen carriers such as the redox dyes seems tenable. K the foregoing 
evidence is acceptable, that under aerobic conditions sulfonamide can in- 
terfere with a cytoclirome-linked system, it would appear that sulfonamide 
can react with more than one system, since it is shown to be as effective 
anaerobically' as aerobically. Hence the particular respiratoiy pathway 
against which it is most active under specific conditions might well be de- 
pendent upon the Eh of the environment. Thus the reason that sulfon- 
amides are more active in the presence of a concentration of metliylene 
blue sufficient to poise the potential might be that the sulfa drug preferen- 
tially inactivates a particular system (methylene blue poises at about the 
Eio value at pH 7.0 for the succinate-fumarate system) and hence dimin- 
ishes energy output, while at the same time methydene blue further tends 
to reduce energy available to tlie cell by itself taking part in the oxidative 
activities of the cell, but with the resultant free energy being precluded from 
taking part in the formation of encrgy-nch phosphate bonds and thus 
lost to the cell, probably as heat. An additional injurious factor could 
arise from formation of hy'drogen peroxide, though catalase or peroxidase 
would presumably overcome this. 

The suggestions of Thatcher and ^lacLcan (5) with respect to the im- 
portance of cell permeability- tend to bear more significance in light of 
recent studies by Gale (JO) in that pcnicilbn prevents penetration of 
glutamic acid whereas sulfathiazole prevents internal syntheses from 
glutamate. . 

Strong emphasis has been directed to the need for more finite eonsiucr- 
ations of permeability modification with re.«pect to the pharmacodynamic 
action of drugs. Similarly, the possible active role of reversible anion and 
cation binding as part of a mechanism for permeation of the plasma mem- 
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4. Toxicity of a given agent may be reduced, bince bacteriostasis may be 
obtained by using a mixture of drugs at louer concentrations than would be 
required to provide the same degree of bacteriostasis alone. 

5. A longer period of treatment, made feasible by using a suitable com- 
bination of drugs, improves opportunity for development of maximum 
titers of immune bodies. 
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Chapter 14 

ABSORPTION, distribution, AND EXCRETION OF 

streptomycin 


The disposition of streptomycin in the mammidian body has been the 
subject of many investigations both in laiioratoiy experimental animals 
tUi m man. n general, the results show gooj conformity, and a picture 
emerge.^ winch is clear in its main details. Too much emphasis, however, 
.should not be placed on individual sets of data, since the errors inherent in 
Uie assay proecduies by uhich such data aic collected arc large. Rake and 
Donovick (1) have drawn attention to the uidc divergence found m pub- 
Jjshed statements of urmarj’ recoverj' of streptomycin m man after intra- 
muscuibr injection 0 percent to 103 percent*— or after intravenous injec- 
tion— 20 per cent to 92 per cent. Although other factors must enter in, 
tor cvample the differences betueen different patients or test animals (2), 
miK i of the variation is undoubtedly due to differences in assay methods 
and techniques The warning given m legard to assay values in body fluids 
in the case of pemciHin (3) applies equally ucll to streptomycin. Values 
llicrrforc niui,l be considered in light of their actiinl significance. This 
wi depend on the assay employed, the number of replicates run, the accu- 
lacy of the determination of the standard (all assays being in terms of 
icfeionce units), the types of samples being assayed, and the personnel of 
the tost gioup In many cases the eiror can be expected to be ± 30 iicr 
cent , and m not a fc« it is considerably higlier than this. To obtain figures 
oven as good as these (if a biological assay is being used), it is of paramount 
importance to employ as test organism a bacterium not affected by serum or 
other body fluids themselves. Finally, in comparing the findings of various 
autiiors, it is essential to note w hethcr the streptomycin levels are in terms 
of whole blood or of serum Since, as is pointed out below, little if any 
streptoin 5 'cui is found to penetrate the ciythrocytes, tlic conceiitiation re- 
ported in the sei urn is usually appro.ximately tw ico that in the w hole lilood 
I'rom a physiological point of view it shuukl be pointed out that tiie dis- 
position ofa drug, in this case an antibiotic, depends on its absorption — from 
the intestinal tract or from the tissues after parenteral admini’'tration| on 
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its paitition hi the body between cells ami cxtracelliil-ir fluiil together with 
its tendency to bo bound by plasma proteins; on its being subjected to 
metabolic transfoimation witliin the body; and finally on its method of 
excretion — whether by the kidneys or by some other route anil if by the 
former whether by active glomerular filtration, w-ith or w-ithout reabsorp- 
tion or secretion by the tubules. Such data as are available in the literature 
on these points will be piesented below 

It must be borne in mind that the figuics discussed below derive either 
fiom normal individuals or fioni those whose disease docs not materially 
upset the normal piocesses of disposition. Ilowevei, in cases of lenal im- 
pairmontdue to oiganic changes, orevenasa sequel to the changed metab- 
olism produced by seveie illness, both absoiption and excietion, but par- 
ticularly the latter, may be seriously disturbed and entirely different scrum 
levels found. 


. Absorption 

Streptomycin is available as a fieely soluble tnhydiochloiide, calcium 
chloride double salt, or sulfate and, as such, is usually employed for adminis- 
tration. 


Altmenlary canal 

There is general agieemcnt that absorption of streptomycin from the 
alimentary canal is poor, or at least erratic, in all mammals. The exact 
leason for this is not understood, but it is clearly not due to inactivation, 
since GO per cent (4) to 110 per cent (5) can be recovered from the feces. 
Perhaps the most impressive fact concerning absorption from the alimen- 
tary canal is this erraticism. The amounts reported to bo absorbed vaiy 
apparently without regard to the species of iccipient or to the exact site of 
administration and with little regard to the size of dose given Thus, in 
man, 500,000 units (0) and 000,000 units (7) given by mouth showed no 
evidence of absorption, no streptomycin being found in the blood or the 
urine At a dose of 1,000,000 units, some streptomycin usually appeared 
in the urine (6, 8, 9), but the blood levels varied from none (9) up to G units/ 
ml of scrum (8). Even at a dose of 4,000,000 units, one observer (10) found 
only 1 per cent excreted in the urine and none detectable m the bloo.l, 
w hercas another found 0.8 to 1 .2 per cent m the urine and only traces in llie 
blood (5). The absorption api>ears to be better in dogs than in man. 
Tims, rather high urmarj’ levels were often found at 2,000 to 10,000 units/kg 
gi\cn by mouth (9), and at 200,000 units/kg as much as 10 per cent was 
present in the urine (4). At best, however, only traces have been found in 
the blood in this animal (4). 
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There is little e\'i(lence on the manner in which other species, except the 
mouse, handle streptomycin pven by mouth. 'Hiis rodent, however, 
apparently absorbs the drug at l^ist as w ell as the dog, if not better. Thus 
Stebbins, Graessle, and Robinson (4) noted a blood level of 2 units/ml 45 to 
60 minutes after giving 200,000 units/kg b 3 ' moutb, and Robinson (11) 
reported that such levels can be obtained by this route as to protect taice 
against a fatal infection ^vith S. sdiotlmHUeri. The dose requirki, hoa ever, 
is thirty times the parenteral dose. In our oum laboratorj' this power of the 
mouse to absorb greater amounts from the alimentary tract following oral 
administration has also been noted (12). 

The site of absorption from the aliraentarj' tract is of interest. In this 
connection one should note the comment of ilolitor (13) that in man one 
sees occasionalJj’ high and sustained blood levels after rectal administration. 
Xo explanation for this is apparent. Our own studies, carried out in both 
man and mouse (12) suggest that when streptomycin is given bj' mouth it 
is absorbed mostlj’ from the upper part of the small intestine. Table 25 
shows that there is no immediate rise in urinaiy levels to suggest absorption 
from the stomach. On the other liand, the bulk of absorption appears to 
occur m a relath’ely brief period, the timing of which differs in individuals 
but which might be looked upon as an expression of indhodual variation in 
gastric empt>'ing time. 

Respiratory tract 

Streptomycin is commonlj' administered bj' inhalation (nebuh'zatien). 
Relatively little has been published, however, on the disposition of the 
drug following such administration. In general, there appears to be little 
absorption; high concentrations are found in the sputum, and a marked 
change in both volume and bacterial flora of sputum occurs (14). Heilman 
et al. noted that inhalation of 500,000 units per day for 28 daj’S produced no 
demonstrable serum levels and only negligible amounts in the urine (15). 
In one unexplained instance, however, a patient receiving 500,000 units m 
24 hours e.xcreted 30,000 units, or 6 per cent, in the urine over that period. 
Laurent and her associates (16) found no detectable streptoraycm in the 
scrum of rats following inhalation of 2,300 uS (uJ a mist with 75,000 of 
streptonij'cin per millihtcr). Lung concentrations w ere high and sustained: 
41.6 pg/ml of lung e.\tract immediately' and 18.7 pg, 10 /^g, and 3 lig respec- 
tively after 1, 2, and 3 hours. 

Parenteral administration 

To ensure adequate serum and tissue fluid levels of streptomycin, paren- 
teral administration must be used .\s might be expected, most rapid rise 
of scrum levels is seen after intravenous mjection and slowest rise after 
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subcutaneous injection; intramuscular administration gives intermediate 
results (fig. 40). Species differences arc pronounced. 

In man, following intravenous inoculation of the sulfate or trihydrochlo- 
ride the blood level rises immediately to a peak, as shown by serum sample 
tests. .fVfter i ntramuscular injection, absorption is slower, and peak level s 
o ccur 30 minutes (13 ^ to 3 hours (’171 l ater, with a mean time of aboiL0.5_ 
hours . Subcutaneous injection gives peak levels 45 minutes (13) to 3 hours 
(8,11) later, with a mean time of about 2 hours. In general, the whole cycle 
of absorption and excretion is conadcrably more rapid in the mouse than in 

TABLE 25 


Urinary excretion of streptomycin hydrochloride* following administration per os 
tn a normal su&jcct (G.R.) 

Dose: 1,724,000 units dissolved in 100 ml H^O 


rtME fOUOWING 
ASUimSTSATlOH or 
ST1tSPI0U\aK 

voltnu OP UKINE 
EXaCTED 

COMCENTIlAnOK 
or mEPTOuveiN 

IK VIINE 

siiiPiovvaM 

PXeSSTED 

CCMCLAIlVSt 

CVUVIATIVE 

UNIT? EXCEETEO 
ioTAL EXCEETED 

htun 

ml 

1 untls/nl 

umU 

ftr cent 

0 

— J 

<0.6 

— 1 

0 

1 

29 

18.4 

534 

2.7 


42 

76.2 

3,734 

19,1 

4 

69 

98.1 

10,503 

53.7 

6 

56 1 

68.9 

14,841 

73.2 

8 

33 

50.1 

15,994 

8L.8 

12 

91 

22.9 

18,078 ' 

92.4 

201 

255 

5.1 

19,379 

99.0 

24 

153 

1.3 

19,578 

100 


• 370 units per mg. 

t Total recovery in 24 hours equals 1.14 per cent of the dose administered. 

Note that 3&pcr cento! the streptomycin recovered appeared in the urine between 
1.5 and 4 hours. This suggests a peak of absorption between 2 and 3 hours after 
ingestion. 

man following injection by any of these three pai enteral routes (1, 4, 9, 11, 
18). In monkeys (9,11), dogs (11), rabbits (9), and guinea pigs (9) the 
situation appears to be intermediate between man and the mouse. 

There is less informatron on absorption following injection of the sulfate 
or trihydrochloridc into a serous cavity, such as the peritoneum, or into the 
skin, but the general picture would seem to be similar to that after subcu- 
taneous injection (9). The course of absorption from the spinal canal, after 
intrathecal or intracisternal injection, is completely diilercnt. If the me- 
ninges arc normal and free from inflammation, the so-called blood-brain 
barrier is a factor, and absorption from the spinal fluid into the blood is as 
poor as is passage in the reverse direction (13). 
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There is little evidence on the manner in which other species, a'scept the 
mouse, handle streptomycin given by mouth. This rodent, however, 
apparently absorbs the drug at least as ell as the dog, if not better. Thus 
Stebbins, Graessle, and Robinson (4) noted a blood level of 2 units/ml 45 to 
60 minutes after giving 200,000 units/kg by mouth, and Robinson (11) 
reported that such levels can be obtained by this route as to protect mice 
against a fatal infection with S. schollmuUeri. The dose required, however, 
is thirty times the parenteral dose. In our own laboratory this power of the 
mouse to absorb greater amounts from the alimentary tract followmg oral 
administration has also been noted (12). 

The site of absorption from the alimentary tract is of interest. In this 
connection one should note the comment of hlolitor (13) that in man one 
sees occasionally high and sustained blood levels after rectal administration. 
No explanation for this is apparent. Our own studies, carried out in both 
man and mouse (12) suggest that when streptomycin is given by mouth it 
is absorbed mostly from the upper part of the small Intestine. Table 25 
shows that there is no immediate rise in urinary le\'els to surest absorption 
from the stomach. On the other hand, the bulk of absorption appears to 
occur m a relatively brief period, the timing of which differs in indivuduals 
but which might be looked upon as an expression of individual variation in 
gastric emptying time. 

Respiratory tract 

Streptomycin is commonly administered by inhalation (nebuHzation). 
Relatively little has been published, however, on the disposition of the 
drug following such administration. In general, there appears to be little 
absorption, high concentrations are found in the sputum, and a marked 
change in both volume and bacterial flora of sputum occurs (14). Heilman 
et al. noted that inhalation of 500,000 units per day for 28 days produced no 
demonstrable serum levels and only negligible amounts in the urine (15). 
In one unexplained instance, however, a patient receiving 500,000 units m 
24 hours excreted 30,000 units, or 0 per cent, in the urine over that period. 
Laurent and her associates (1C) found no detectable streptomycin in the 
serum of rats following inhalation of 2,3(W aS (“ a mist with 75,000 mS 
streptomycm per milliliter) Lung concentrations were high and sustained: 
41.6 pg/ml of lung extract immediately and 18.7 ^g, 10 Mg> and 3 pg respec- 
tively after 1, 2, and 3 hours. 

Parenteral administration 

To ensure adequate serum and tissue fluid lei'els of streptomycin, paren- 
teral administration must be used. As might be expected, most rapid rise 
of serum levels is seen after intravenous injection and slowest rise after 
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(22) can, indeed, serv’e as depot substances and do liberate streptomycin 
(12). In our hands, however, the results obtained with such depot 
substances in at least two infections, namely, tuberculosis and septicemia 
with S. schollmulleri, have been in no case better than any schedule using the 
ordinary' water-soluble salts of streptomycin and have been actually inferior 
to some of such schedules. 

As might he expected, there is no absorption of streptomycin through the 
vmdamagcd skin, and, since the cornea of the eye is meiely a continuation 
of the noimal skin, it is not surprising that onlinary solutions and ointments 
of streptomycin produce baiely detectable and irregular levels in the aque- 
ous and vitreous humor of the eye (2.1). Leopold and Xichols (23) were 
able to show m rabbits that good penetration occurred, however, uhen the 
cornea had been abraded or othen\ise damaged and furthermore that ion- 
tophoiesis produced high levels. In a subsequent publication Leopold, 
Wiley, and Dennis (24) showed that iontophoresis after retrobulbar injection 
of 200,000 units of streptomycin in 2 ml gave the best vitreous humor levels 
and that concentrations obtained in this way were much better than those 
seen after systemic admmistiation. Bellows and Farmer (25) summar- 
ized the information on the of absorption into tlie eye. They showed 
that with iontophoicsis a level as high as 25 /ig/ml can be obtained in the 
aqueous humor of the living eye and IW /ig/ml of streptomycin in the 
extirpated rabbit eye. They also found appreciable levels after the cornea 
had been abraded, Finally, they were able to obtain concentrations as high 
as oO Mg/ml in the aqueous humor by use of comeal baths of streptom 3 ’cin 
solutions (50,000 /ug/ml) to which aerosol OT had been added. Baths with 
sticptomycm alone produced no penetration. Actually, concentration.^ 
gicatei than 100 pg ‘'ml couhl be obtained in the aqueous humor but only by 
use of concentrations of aciosol OT which were locally irritating. 

Distkiuutios 

Following parenteral admin^tration, stieptomycin is as rapidly distribu- 
ted as thougli it were present in the e.\trucellular fluids alone (25). 

Tis'^ucs and Jluids 

In man (2.5, 20, 27), a.s well as in test animals (25, 28), the s treptomycin 
prese nt m the blood i-. fouiul in the ser um, no sitmifle.-mt amounts beit ur 
picscut in the erythrocytes . Various, workers haye reported results of 
assay*' on extracts of various tissues and liave found streptomycin present, 
hut of couise this does not mean that the antibiotic wa-s within the cells. 
^^eha\ehecn unable to find any reference to determination of streptomycin 
levels in the lymph. 
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Limited work has been done on depot substances, siicli as tho&e u^e{l, if 
not abused, in the tieatment of certain diseases witli penicillin, for example, 
penicillin in oil and heeswixx, or procaine penicilhn. Preparations of stiep- 
tomycin in oil and beeswax and also in solvecillni (a water in oil emulsion) 
were tested by Kolmer and his associates (19). The lesults were disap- 
pointing. When a dose of 250,000 or 500,000 units of streptomycin in 2 ml 
of peanut oil with 4 per cent beeswax was administeied intramuscularly, 
only traces up to 2.5 units/ml appeared in the serum and 3.4 to 23 per cent 
in the urine. The fate of the remainder was undecided. In solvecillin the 
disposition of the streptomycin was exactly like that of a salme solution of 
the antibiotic. 



TIME <N HOURS 

Fig 40. Scrum concentration of streptomycin following the various nielhods of 
administration (13) 

Rake and Donovick (I) reported on the dispo&ition of a streptomycin- 
alum mixture after Carter, Clark, Dickman, Loo, Skell, and Strong (20) that 
streptomycin was adsorbed on alkaline alumina. It was found tliat, at 
least in the mouse, the streptomycin-alum mixture, although perhaps 
showing a slightly slower excretion rate, was not sufficiently different from 
streptomycin sulfate or hydi'ochloride to be worthy of further consideration 
In a lecent publication, Jadassohn, Cherbuliez, Boymond, and Isler (21) 
reported the preparation of an msoluble oleate of streptomycin which is 
active in vtlro and suggested that it may prove useful in therapy as a depot 
substance for slow release of the active antibiotic Work on this and oilier 
insoluble salts of streptomycin has been m progicss in our laboratory' for 
some time. Studies on disposition m the mouse show that insoluble salts 
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Ocular fluids 

As has been pointed out, high concentrations of streptomycin cannot be 
obtained in the ocular fluids, other than the secondary aqueous humor, after 
parenteral injection of the drug. Leopold and Nichols (23) studied the pen- 
etration of streptomycin into the primary and secondaiy aqueous humor and 
the vitreous humor after parenteral administiatiou of the drug in rabbits. 
Following intravenous injection, streptomycin appeared in the primary 
aqueous within 5 minutes and was detectable 5 hours later. The concen- 
tration increased with the dose of streptomycin. Following intramuscular 
injection, streptomycin was not found m the primary aqueous before 60 
minutes, and it reached its peak in 2 hours. It was still detectable after 5 
hours. An increase in dose of streptomycin caused the drug to appear 
faster in the primary aqueous, and detectable levels uere found in | hour. 
A single intravenous or intramuscular injection gave high levels in the 
TABLE 26 


Effect of trypan blue on distribution of streptomycin in mice* 


sons Am.s 

STUPtOUVON PLUS TBVPAN BLUE | 

^ STK£PTO!fVCIN ALONE 


Blood j 

1 LUer 1 

Spleea | 

1 Blood j 

1 Luet 1 

Spleea 



1 

1 

1 


1 n(v^^ 

1 

12.0 

12.8 

59.4 

4.0 

5.1 1 

0 

4 

2.6 

2.8 

6.1 

0 

0 

1 0 

8 

0.9 

4.2 

4.0 ! 

0 

0 

j 0 

25 

0,6 

6.0 

4.9 

0 

0 

0 


* From Nelson and associates (29). 


secondaiy’ aqueous humor. Thus, 10,000 units/kg intravenously gave 20 
units/ml in 65 minutes in the secondary aqueous humor as compared to 1 to 
3 units/ml in the primary aqueous humor. In the vitreous humor only low 
levels It ere obtained. Single intravenous injections of 10,000 units/kg gave 
no detectable levels in the vitreous, but a single intramuscular injection gave 
between 1 and 3 units 2 to 5 hours after, and increasing the intravenous dose 
to 100,000 units/kg gave detectable levels within 5 minutes wliich persisted 
for 5 hours These findings were confirmed in three human subjects, two of 
whom had glaucoma. In these cases 600,000 units of streptomycin admin- 
istered intravenously gave concentrations of 1 to 3 units/ml in the primary 
aqueous and 3 to 19 units/ml in the secondary aqueous, when the blood 
level Was between 40 and 75 units/ml. 

Serous cavities 

Streptomycin passes readily from the blood into the peritoneum, particu- 
larly i\hcn some pathological process is present. ^lurphy, Ravdin, and 
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Adcock and Hettig (26), testing tissues from t\7o patients who had died 
with tuberculous meningitis while under treatment with streptomycin, 
found 20 to 95 units of streptomycin per gram of kidney, G units/gm of lung, 

1 to 5 units/gm of heart muscle, and none in the brain and liver. Korne- 
gay, Forgacs, and Henley (9) reported absence of streptomycin in lung, 
spleen, and liver of guinea pigs receiving 2,500 to 22,500 unitsA'g parenter- 
ally, but they found 5 to 15 units/gm of kidney. Similar results were 
obtained in mice, rabbits, and monkeys. 

Leopold and Nichols (23) icported that, in rabbits, 30 minutes after intra* 
muscular administration of streptomycin (10,000 unitsAg) detectable 
levels were found in the conjunctiva, the e.vtraocular muscle, and the sclera 
The antibiotic persisted for almost 4 hours. In the chorioretinal layers, 
the optic nen’c, and the cornea, low concentrations did not appear before 

2 hours and then only ^rhen a dose of 100,000 unitsAs given. The lens 

showed no streptomycin even after a dose of 100,000 unitsAg- 

Nelson, Forgacs, and Kucera (29) carried out some interestingstudies in 
mice with the purpose of altering the distribution of streptomycin following 
parenteral injection. Following the observation that no streptomycin was 
found in the liver and spleen when levels in the blood were in the therapeutic 
range, they assumed that therapeutic failure on the part of streptomj'cin 
could be explained by inability of the antibiotic to reach intracellulariy lo- 
cated organisms. To test this hypothesis, Smss mice were inoculated intra- 
peritoncally with a single do«^} of a mixture containing 1,000 units of strep- 
tomycin together with 20 mg of trypan blue (an electronegativcly charged 
dye) adjusted to pH 7.4. It bad been observed that this mixture would not 
dialyze through a cellophane membrane, whereas streptomycin dialyzes 
readily. Control mice received a similar dose of streptomycin in distilled 
water. Assays were carried out on blood, liver, and spleen at intervals 
during the ne-xt 25 hours, with the results shown in table 26. It appeared 
that under the test conditions the streptomycin-dye complex was being con- 
centrated in the reticulo-endothclial sj-stem, and it was implied that this 
came about by phagocytosis of the colloidal particles of the mixture. 

Postmortem studies in man by Pulaski and Sprinz (30) showed that when 
death occurred while the patient w'as under treatment with streptomycin, 
clinically significant amounts were found in the kidney, liver, muscle, and 
thyroid, but none in the lymph nodes, spleen, testes, lung, or brain, Only 
traces were found in the prostate and pancreas. Pus taken from abscessCs 
in four cases was also negative for streptomycin, and Pulaski and Spnnz 
(30) reported that streptomycin actiinfcy is not influenced, axeept mechani- 
cally, by pus. The correctne.«s of thb remark may, however, be questione<l, 
since certain factors such as pll ccrtamly do affect the activity of strepto- 
mycin (31). 
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however, parenteral administration of streptomycin may fail to pro- 
luce therapeutically significant levels in the cerebrospinal fluid, and intra- 
hecal administration may be necessary (33). 

Fetal blood and ammoltc fluids 

Woltz and Wiley (34) and Heilman, Heilman, Hinshaw, Nichols and 
Hcrrell (15) reported streptomycin in the fetal blood and amniotic fluid 
'ollow'ing parenteral adminstration of the antibiotic to the mother. Accord- 
ing to Woltz and Wiley (34), streptomycin was found in the cord blood and 
amniotic fluid 19 mmutes after intravenous inoculation of the mother. The 
streptomycin concentrations in the cord blood and amniotic fluid were 
generally lower than in the maternal blood, usually reaching one-half, or 
less, that of the latter. 

Excuetion 

Unne 

The preponderance of excretion of streptomycin is through the kidneys. 
Broad variations in percentage recovery of streptomycin in the urmo of man 
and test animals have been reported and are commented on earlier in this 
chapter. On the whole, it would seem that where normal kidney function 
IS involved, 30 to 60 per cent of the streptomycin administered parenterally 
may be expected to appear m the unne within 24 hours. Urinary excretion 
IS most rapid in the first 2 to 4 houre (7, 26), and the greater partoftheanti- 
biotic appears m the urine durmg the fiist 12 hours. 

Where lenal damage is involved, however, the picture may be (luitc 
different. Table 27 shows the unnary excretion of streptomycin in a child 
with grossly defective lenal clearance This child at postmortem showed 
chronic glomerular nephritis, interstitial pyelonephritis and abscess, throm- 
bosis of the small veins of the kidney, and a bacteiemia due to Ps. aeruginosa 
(35) The blood level reached a peak within 1 hour following a single 
parenteral dose and then remained constant, very little streptomycin, that 
Is, less than 2 per cent, appearing in the urine. When additional stiepto- 
myem was administered, the blood level rose lapidly and lemained at high 
level for hours and even days. 

Because only part of the streptomycin injected paienterally can be found 
in the unne, and only small amounts have been detected elsewheie, the 
(lue^tlon of destiuction of stieptomycin in the body has often been lai&ed. 
In the ease cited aliove, wheie less than 2 per cent of the stieptomycin ad- 
ministered intramuscularly apjx*ared in the urine, the blood level remained 
remarkably constant follow mg a single dose, mdicating that very little if any 
of the streptomycin was dcstioyed. Nevertheless, there appears to be no 
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Zintel (32) reported levels in the peritoneal fluids equal to, and in most cases 
higher than, those in the blood, following intramu^oulnr injection in thedog 
Xo figures are available on the concentrations under nomul conditions in 
man. Zintel, Flippin, Nichols, Wiley,and Khoads (8) foundthat, inacafC 
of ascites, a single intravenous dos« of 600,000 units of stieptomycin, which 
produced a blood level of 30 unils/ml within 15 minutes, gave rise to the 
first traces of streptomycin in the ascitic fluid within 0.5 hour. A level ofo 
units/ml Mas found in the fluid in 45 minutes, and this level was maintained 
through the next 2 hours although the blood level was dropping steadily 
In another case of ascites, in which streptomycin was administered intra- 
muscularly at a dose of 125,000 units everj’ 3 hours, the blood level at the 
end of 24 hours of treatment was 15 units/ml, whereas that in the ascitic 
fluid was 23 units/ml. Buggs, Pilling, Bronstein, and Hirshfeld (6) found 
levels in ascitic fluid one-third to one-half those in the serum, and Pulaski 
and Sprinz (30) reported similar findmgs. As pointed out by Buggs cl d. 
(6) in a case of perforated peptic ulcer, in acute peritonitis, streptomycin 
levels in the peritoneal fluid are avactly equal to those in the serum. 

Streptomycin apparently diffuses more slowly into the pleural fluid than 
into the peritoneal fluid (8). Thus, following ndminstratiou of 600,000 
units of streptomycin intravenously, the blood level rose to 30 units/ml 
within 15 minutes but no streptomycin was foimd in the pleural cavUy. 
Two hours later, the blood level was 15 units/ml and the pleural fluid con- 
tained 0 units/nil. Streptomycin given intramuscularly in intermittent 
doscs of 125,000 units every' 3 hours resulted in blood levels of 15 to 20 unit"'' 
ml and pleural fluid levels of 7 to 18 units/ml. Pulaski and Spniiz (30) re- 
ported levels in the pleural fluid of one-fonrlh to one-half that found in the 
serum. Buggs </ al. (6) found tliat low levels of streptomycin, that 
approximately 1 unit/ml, appearcil in thoracic empyemas 3-5 hour.s after 
a single intramuscular dose of between 500,000 and 1,000,000 units of strep- 
tomycin. Iwcvels of between 2.5 and 3 umts/ml were noted in fluid a-j* 
pirated from the chest of two cases of tuberculosis. 

Ccnbrospinal fluid 

Diffusion of streptomycin into the cerebrospinal fluid does not occur 
readily in absence of meningitLS and only low and erratic concentrations of 
streptomycin have been note*! following parenteral injection (5,0,7,8,20,27)- 
Remarkably high spinal levels have Ik*oii reported occasionally m aliscm*-' 
of frank meningitis Thu« Reimann. Price, and Elias (27) report a spin-d 
fluid level of 20 units ml m a ca.«^ of tx-phoid receiving 4,000,000 unit.'' of tlie 
drug a day intravenously On the other hand, iii the presence of fr.mk 
meningitis, penetration of the blood-brain liarrier by streptomycin h,is b<^“n 
noted by a number of authors (6,S,lo.271 Even in the presence of monin- 
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gitis, however, parenteral administration of streptomycin may fail to pro- 
duce therapeutically significant levels in the cerebrospinal fluid, and intra- 
thecal administration may be necessary (33). 

Fetal blood and amyitolic fluids 

Woltz and Wiley (34) and Heilman, Heilman, Hinshaw, Nichols and 
Herrell (15) reported streptomycin in the fetal blood and amniotic fluid 
following parenteral adminstration of the antibiotic to the mother. Accord- 
ing to Woltz and Wiley (34), streptomycin was found in the cord blood and 
amniotic fluid 19 minutes after intravenous inoculation of the mother. The 
streptomycin concentrations in the cord blood and amniotic fluid were 
generally lower than in the maternal blood, usually reaching one-half, or 
less, that of the latter. 

EXCRI.'TIOK 

Unne 

The pieponderance of excretion of streptomycin is through the kidneys 
Broad variations in percentage recovery of streptomycin in the urine of man 
and test animals have been reported and are commented on earlier m this 
chapter On the whole, it would seem that where normal kidney function 
is involved, 30 to 60 per cent of the streptomycin administered parenterally 
may be expected to appear in the urine within 24 hours. Urinary excretion 
18 most rapid in the first 2 to 4 hours (7, 26), and the greater part of theanti- 
biotic appears in the urine during the first J2 hours. 

Where renal damage is involved, however, the picture may be (luitc 
different. Table 27 shows the urinary excretion of streptomycin in a child 
with grossly defective renal clearance. This child at postmortem showed 
chronic glomerular nephritis, interstitial pyelonephritis and abscess, throm- 
bosis of the small veins of the kidney, and a bacteremia due to Ps. aeruginosa 
(35). The blood level leached a peak within 1 hour following a single 
parenteral dose and then lemained constant, very little streptomycin, that 
is, less than 2 per cent, appearing in the urine. When additional strepto- 
mycin was administered, the blood level rose rapidly and remained at high 
level for hours and even days. 

Because only part of the streptomycin injected parenterally can be found 
111 the mine, and only small amounts liave been detected elsewhere, the 
(lucstion of dcstiuctiou of sticplomycm in the body has often been raised 
In the case cited abo\e, wheic le&s than 2 per cent of the stieptomycin ad- 
mimsteied intramuscularly apjjeaied m the urine, the blood level remained 
rcmaikably constant following a single dose, indicating that very little if any 
of the streptomycin was destroyed. Nevertlieless, there appears to be no 
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satisfactory answer as yet, other thim that of technical factors, for the 
occasional finding of veiylowrecoveriesof streptomydnin the urine following 
parenteral administration. 

Repeated parenteral injections of stieptomycin tend to produce an 
cquilihrium between the quantity administered and the amount excreted; 
as long as renal clearance remains normal, a balance is soon reached and may 
be maintained indefinitely (fig. 41). Renal damage or, in certain cases, 
gross physiological disturbances such as are seen in severe infections, 
particularly in the terminal stages, lead rapidly to rising blood levels, and it 

TABLE 27 


Bxerelion of atreplomyein in child icith grossly defeclice renal clearance 
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•At zero hour, 200,000 >,g of etreptomycia tras administered intramuscularly. 
Seven hours later, administration by continuous drip was instituted. 


IS essential that the levels of streptomycin reached in the blood be followed 
in all eases by laboratoiy assays. 

The rate of plasma clearance following parenteral adminiistration of 
streptomycin has been reported for man and other animal species Adcock 
and Hettjg (20) found that m patients given 00,000 to 250,000 units of 
streptomycin per hour for 2 hours by means of continuous intravenous in- 
fusion, 38 to 07 ml of plasma u-as cleared of the antibiotic per minute. Al- 
though Boxer, Jelinek, Tompsett, DuBois, and Edison (30) did not report 
the rote of appearance of streptomycin in the urine in their investigation of 
a chemical method of assaying the antibiotic, they did study the rate of di*- 
appearance of the antibiotic from the blood They noted that the rate of 
disappearance in dogs and m man was exponential after the first 0.5 hour 



ABSORPTION’ AND EXCRETION 


247 


following a single injection. The rate constant for the decrease of sti-epto 
mycin concentration was affected by the dose. Thus, in dogs a higher rate 
constant and smaller volume of distnbution nere noted at doses between 
2,000 and 5,000 msAs than at 20,000 to 40,000 /ig/kg. The rate constants 
in man n cre qualitatively similar to those found in dogs but %yere somewhat 
lower in the former, resulting in more prolonged blood levels. The appar- 
ent volumes of distribution were considered to be essentially the same for 
man and dog, that is, approximately 25 per cent as compared to the usually 
accepted value of 20 per cent for total extracellular fluid. Graham, Van der 
Brook, and Kuizenga (37) reported that the rates of disappearance of strep- 
tomycin from the blood were similar in anesthetized and unanesthetized 



■ — m 

• — • ... . , . . 

A A per coot excreted. 

dogs. Comparison of renal clearance in man and in dogs was also reported 
by Marahall (25). In the dog the clearance varied from 35 to 59 ml of 
plasma per minute; in man the volumes were essentially the same. These 
figures, Marshall pointed out, were lower than values for glomerular clear- 
ance and, therefore, unless streptomycin is largely bound by plasma protein, 
it is excreted by glomerular filtration alone. 

Other routes 

Although the greater part of the c.\crcted streptomycin appears in the 
unne, small amounts arc excreted by other routes. 

Pulaski and Sprinz (30) were unable, however, to find any in the prostatic 
fluid. Significant amounts do appear in tlie bile following pai'cnteral injec- 
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satisfactory answer as yet, other than tliat of technical factors, for the 
occasional finding ofvcrylowrecoveriesof streptomycin in the urinefollowiug 
parenteral administration. 

Repeated parenteral injections of streptomycin tend to produce an 
equilibrium between the quantity administered and the amount excreted; 
as long as renal clearance remains normal, a balance is soon leached and may 
be maintained indefinitely (fig. 41). Renal damage or, m certain cases, 
gross physiological disturbances such as arc seen in severe infections, 
particularly in the terminal stages, lead rapidly to rising blood levels, and it 

TABLE 27 


ExcTtiion of sireplomycin in child tciih grossly defcciiie renal clearance 
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• At zero hour, 200,000 mS of strcplomycia was admiaistered intramuscularly- 
Seven hours later, administration by continuous drip was instituted. 


is essential that the levels of streptomycin reached in the blood be followed 
in all cases by laboratory assays. 

The rate of plasma clearance following parenteral administration of 
streptomycin has been reported for man and other animal species. Adcock 
and Hettig (26) found that in patients given 50, (XK) to 250,000 units of 
streptomycin per hour for 2 bouts by means of continuous intravenous in- 
fusion, 38 to 67 ml of plasma was cleared of the antibiotic per minute. Al- 
though Boxer, Jelinek, Tompsett, DuBois, and Edison (36) did not report 
the rate of appearance of streptomycin in the urine in their investigation of 
a chemical method of assaying the antibiotic, they did study the rate of dis- 
appearance of the antibiotic from the blood. They noted that the rate of 
disappearance in dogs and in man ^vaa e.xponcntiaI after the first O.o hour 
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in the body. Xo degradation pt'oducls from s>iich a theoretical breakdown 
of the antibiotic have yet been dcmonstratc<l. Moreover, as pointed out 
above, in the one case with marked deficient leiial cleaiance, the blood level 
remained remarkably constant, indicating httio if any destruction of strep- 
tomycin ovei this period in this particular case- 

It is possible that part of the streptomj'cin administered may be bound 
in the body. Direct evidence for this is lacking, but Corper and Cohen 
(42) have desciibed what they refer to as “a threshold of remote sustained 
action” of streptomycin in tuberculosis. In their studies these authors 
treated guinea pigs for 82 to 91 days with 25,000 units of stieptomycin 
daily and then infected the animals with M. liiberculosis 1 day after the 
last treatment with streptomycin. The average survival time of the pre- 
Ireated animals was 29 days, compared to 22 days of the untreated controls. 
When pretreatment lasted only 2 weeks, the average survival times of the 
two groups were not significantly different. From these studies the authors 
concluded that streptomycin does not act in tuberculosis as it does in the 
test tube. Lack of detailed description of certain aspects of this work 
makes interpretation difficult. Thus it was not made clear what vari- 
ation was found from test to test in average survival of the infected 
controls, or whether the controls and the pretreated animals wore of the 
same age and weight at the time of their infection But the data piesented 
did not, It would seem, climmatc the possibility that a, low thonipcutic 
effect was derived from a reservoir of streptomycin 

Dihydrostueptomycix 

Only limited work has been done on the disposition of dihydrostieptomy- 
cin. Bartz, Controuhs, Crooks, and Rebstock (43) reported that dihydro- 
sticptomycin has biological activity qualitatively and quantitatively com- 
parable to that of streptomycin, but did not elucidate further. Donovick 
and Rake c.\amined the disposition of both crude (44) and pure (45) prep- 
arations of diliydrostreptomycin in the mouse. Neither the crude nor the 
pure dihydro&treptomycin was handled by the mouse in any manner sig- 
nificantly diffcient from that in nhich this animal handled stieptomycin 
itself (see fig. 42) (45). Hobson, Tompsett, Muschenheim, and ^IcDcrmott 
(4()) determined the serum concenlnition of diliydrostreptomycin following 
mlramuscular administration m both man and cat Values comparable 
to those following intramuscular mlmimstration of streptomycin weie found 
in both, although the rate of fall may be .slightly slowci for dihydrostrep- 
toinycin. These autliois also determined that diliydrostreptomycin pene- 
trated into tlie intact central iier\ous by.steni to a limited degree as did 
stieptomycin, and they found values in the ccrebrosjiinul fluid of 8.1 an<l 
7 5 pg/ml in two patients, neither of whom had any evidence of meningitis. 
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tion. Zintel et al. (8) found that, following a single intravenous doac of 
000,000 units, traces of streptomycin were present in the bile within 1 hour, 
and peak levels as high as 7.5 units/ml weie recorded. When 125,000 units 
of stieptomycin was administered intramuscularly every 3 hours for 24 
hours the concentration of streptomycin in the bile was 10 units/ml and the 
total amount excictcd was 035 per cent of the dose. Adcock and Hettig 
(2G) also noted tho piesenco of 21 unita of nntibiotic per milliliter of bile 
following parenteial administiation. Gutmann, Truckman, and Ivy (38) 
reported that in dogs streptomycin is concentrated in the liver. Thus when 
187,000 to 375,000 units of stieptomycin were injected over a 20-minute 
period by intravenous drip, maximal concentrations were leached in the 
hepatic bile in 2 to 3 hours, and as high as 135 unit s/ml might be obtained. 
By this time the blood level, which had reached 00 units/ml in 30 minutes, 
had dropped to between 20 and 30 units/m). Stebbins, GraessJc, and Robin- 
son (4) assayed bile obtained from rabbits during an 8-hour period following 
a single intravenous dose of 5,000 units of streptomycin per kilogram and 
found that as much as 10 per cent of the dose administered could be ac- 
counted for. Zaslow, Counsellor, and Heilman (39,40,41) found that strep- 
tomycin was excreted into the hepatic bile of patients who had normal 
livers. None appeared in the gall bladder, however, w’hen the cystic duct 
was obstructed It w as'therefore concluded that stieptomycin reaches the 
lumen of the gall bladder only via the biliary tree. It was found that the 
ability to establish antibiotic levels in hepatic bile was a sensitive test for 
normal liver function, and a minimal level of 1.5 units/ml of hepatic ink 
within 3 hours after injection of 100,000 luiits intramusculaily .was an in- 
dication of such nofmal function There was no indication that streptomy- 
cin was concentrated in the bile, a conclusion also icacheil by l’ula.ski anil 
Sprinz (30), who noted that levels in the bile wcie only one-fourth tho-c 
in the scrum. 

A small amount of streptomycin may be excreted in the feces following 
parenteral administration Thus Elias and Durso (10) noted that admin- 
istration of 4,000,000 units of streptomycin daily by the mtiavcnous route 
produced 100 to 130 units of streptomycin per gram of feces. Similar re- 
sults wcie reported by Keimaiin, Elias, and Price (5) No figuicsaie avail- 
able on excretion of stieptomycin in the sweat 

These other routes of exrielion account for only u very small amount of 
the stieptomycin ailministeuil, and llie fact lemains that, as pointed out 
■ibove thcic is .still no sjiti*.fju'tuiv aiiswei foi tlie ociasional veiy low u- 
eovciics of stieptomycin in llie urine Some of liic.se low lucoveiics may 
be accounted for by leihiiKal factors As it doi-s not .seem pos.sibIc that 
•juch an e.\plan:ition is always the whole story, various workers ha\e im- 
died that some of the streptomycin adniini.stcred is destroyed or inactivated 
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In certain cases the serum levels found in man following therapeutic 
schedules of dihydrostreptomycin given intramusculaily appear to be some- 
what gieater than those u’lncli \vould have been expected from a similar 
schedule of streptomycin, but the data are still scanty, and these results 
by tlicmselves are not sufficiently clear to warrant more than passing com- 
ment. Together \\ith the appaient higher urinary excretion of dihydro- 
streptomycin, however, they offer the possibility that in man less destruc- 
tion or binding of dihydrosti'optomycin than of streptomycin itself occurs, 
whicliever mechanism is responsible for the apparent disappearance of the 
duig. In any case, attention should be drawn to one important factor in 
this connection. Unless a dihydrostreptomycin standard is used in as- 
saying the serum levels and unless the figures so obtained are referred to 
that standard rather than to the ordinaiy' streptomycin standard, the same 
organism must be used for the serum level determinations as is used for the 
standardization of streptomycin itself, or at least an organism must be used 
which has the same sensitivity to both antibiotics. If this is not done, the 
same type of error as that which occurred with peniciJlm X will be encoun- 
tered. This has been discussed elsewhere (3). Obviously, poor choice of 
tost oiganism could result m figures that would be either too high or too 
low, depending on whether the organism w'as more sensitive or less sensitive 
to dihydrostreptomycin than to streptomycin. 

Summary 

In general it may be said then that streptomycins are freely absorbed 
fiom the tissues, but only poorly and erratically from the gastro-intestinal 
tract. They appear to be distributed in the body throughout the extra- 
cellular fluids and tlieio is no clear cx-idence that anyot them are found in- 
traccllularly or that any appicciablc protein binding occurs. No clear evi- 
dence of metabolism of the antibiotics within the body e.xists. Finally, they 
aie cxcicted mostly by the renal glomerular filtration without any tubu- 
lar reiibsoiptiou or secretion. 
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Both these patients had received 1 gm of dibydrostreptonaycin five times 
daily for 5 days, the last injection being 14 hours prior to the sampling o( 
cerebrospinal fluid. Levin, Carr, and Heilman (47) also studied the dis- 
tribution of dihydrostreptomycin in the various body fluids in man. Fol- 
lowing intramuscular injection of 1 or 2 gro, the highest concentrations in 
the blood Mere found after 1 hour, but significant concentrations were still 
present at 24 Jiours. Dihydrostreptomycin passed readily through the 
placental membrane and was found in the cord blood in concentrations one- 
tenth to one-half that in the maternal blood taken at the same time. In 
patients without meningitis, 1 gm of streptomycin administered intramus- 
cularly produced cerebrospinal fluid levels up to 1.5 pg/ml. In the presence 



Hours •Her lejeciien 

Fia i2 Comparison of absorption excretion of pure trihj-drochlorides of strep- 
tomycin aad diiiydrostreptomycin in mice 

of tuberculous meningitis, levels as higli as 13.1 pg/ml were seen 2 hours 
after the last injection of 023 gm, a dose that had been given intramus- 
cularly at hourly intervals for 12 hours. At the time the cerebrospinal 
fluid level of 13.1 pg/ml ivas found, the blood serum showed a level of 26 
pg/mh Evidence from tuo casea indicated that dihydrostreptomyem 
passed fiecly into the pleural fluid, and levels in this fluid acre found to 
be equal to or greater than that in the blood scrum. Diiiydrostreptomycin 
appeared in large quantities in the uiinc, from 70 to lOG per cent being 
found in each 24-liour sample. From the limited data on urinary excre- 
tion, it would appear that the recoveries of dihydrostreptomycin found by 
these authors are someuhat higher than those seen with streptomycin 
itself. 
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• The L.D. BO studies were conducted in mice, circulatory and respiratory effects were studied in cats, pyrogenic effects, central 
nervous effects and local effects in rabbits, and renal and hepatic effects in dogs and monkeys. 
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ClL\PTER 15 

THE PHARALiCOLOGY OF STREPTOilYCIN 


Among the antibacterial agents, and indeed among drugs generally, strep- 
tomycin occupies a distinguished place because of its high chemotherapeu- 
tic activity and its relatively Jon* tovicity. ^Utbough the safe therapeutic 
range of this antibiotic is exceeded by that of penicillin, streptomycin never- 
theless is far less toxic than most other chemotherapeutic agents such as 
sulfonamides, arsenicals, quinine, mercurials, and azo dyes. It is one of the 
safest drugs knorni. Xo deatlis attributable to the administration of pure 
streptomycin by the usual parenteral route have been reported} and the 
neurotoxic side reactions that occur after prolonged administration of large 
doses do not unperil the life of the patient, although they constitute a major 
obstacle to long-continued therapy and may seriously incapacitate the 
patient. 

To understand certain contradictory statements on the pharmacological 
properties of streptomycin made by ditTorcnt investigators, or indeed by the 
same group of investigators at different times, it is neccssarj' to keep in mind 
tliat streptomycin is not prepared by chemical sjuthesis but is obtained by 
extraction from bacterial culture media and subsequent purification. Only 
5 years have passed since its discovery was first announced, and during this 
short time the purity of commercial lots has been incieascd from the initial 
10 to 15 per cent to the present value of more than 98 per cent and, as a con- 
sequence, the material used during this period for pharmacological and 
clinical investigations has varied greatly m purity (table 28). Finally, the 
methods of determining the potency of streptomycin assure the user only of 
a definite chemotherapeutic activity but do not indicate the extent to uhich 
impurities or degradation products may be present. 

The present standards of the Food and Drug Administration require, in 
addition to certain chemical and physical specifications, relative freedom 
from pyrogens and impurities of histammc-likc character; and a minimal 
potency of 400 mg of streptomycin base per gram of solids. However, since 
pure streptomycin salts contain approximately SOO mg of streptomycin base 
per gram of solids, it follows that samples of a purity of 50 per cent still may 
pass the ofTicial tests. Since the weight of streptomycin is not indicated on 
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characteristic toxic property of streptomycin, namely, its selective neuro- 
toxic effect on the eighth nerve, affecting the vestibular and auditory func- 
tions, may vary considerably nith the purity of the material (2) (fig. 43). 
It is thercfoie understandable that contradictory statements regarding the 
pharmacological and toxicological properties of streptomycin have been 
made. The now general availability of much purer preparations, liou'ever, 
has minimized lot-to-lot variations and discrepancies and should result in a 
better agreement of the results of pharmacologic and clinical investigations 

In the following description of the pharmacological properties of strepto- 
mycin, are presented data (some not previously published) uhich u'ei’e ob- 
tained with essentially chemically pure material; in addition, reference is 
made to the results obtained with the earlier and less pure products, not 
only to complete the picture but also because streptomycin of less than 95 
per cent purity will still be used clinically for some time to come. Pharma- 
cological and toxicological properties that have mainly academic interest 
and affect the practical use only to a minor degree are treated briefly. 

Acute Toxicity 

Streptomycin produces definite toxic effects when administered paren- 
terally, although the doses required are far in excess of those needed to ob- 
tain chemotherapeutic results. As might be expected, acute toxic effects 
are most pronounced with intravenous and intracisternal injection and least 
with oral administration; the intramuscular and subcutaneous routes 
occupy an intermediate place (1). The intracisternal injection results in 
acute neurotoxic manifestations such as clonic-tonic convulsions (3, 4} 
\\hich are not observed with other modes of administration; they are de- 
scribed in detail later in this chapter. The intravenous injection of 
streptomycin causes death by respiratory paralysis, this mode of adminis- 
tration is used in one of the standaid "safety” tests prescribed by the Food 
and Drug Administration, since it gives results which are easily reproducible 
and which lend themselves readily to standardization, particularly if proper 
precautions have been taken regarding speed of injection; concentration of 
solution; A\eight, sex, and strain of mice; and, in general, maintenance of 
uniform test conditions 

Following intravenous injection of a lethal dose of streptomycin, death 
usually occurs within 5 minutes and very seldom is delayed for more than 
30 minutes. Ott (5), who conducted an exhaustive statistical study on the 
basis of moie than 2,000 individual experiments, found that of 10,000 mice 
surviving the initial 30 minutes, only 10 died during the following 2 days. 
No deaths occurred among 2,500 surviving mice that were observed for 10 
days after injection. The fact that animals which survived the initial shock 
of the intravenous or subcutaneous injection of large doses lemained alive 
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the label (the only figure given being that of a streptomycin base 
equivalence), the user has no immediate information on the actual purity 
of any particular lot unless he weighs the contents of the ampoule or directs 
an inquiry to the manufacturer. 

Unfortunately, pharmacologists and clinical investigators frequently fail 
to realize that the words 1 gramotogram, for example, printed in bold tj^pe 
on the label, refer to antibacterial activity equivalent to that of 1 or 5 gm 
of streptomycin base, but not to the actual quantity of material piesent in 
the container. 



hinhcr purity (700-800 uiiits/mg). with intravenous to\icity r.iiigiiig from 300 (M 0 Oil 
units/mg. 

The varying amount.^ and types of impurities present in streptomycin loin 
of intermediate purity, as well as the possible formation therein of degrada- 
tion products and isomers, have made it difficult to obtain the true picture 
of the pharmacotlynamic i)ropt‘rlies of pure streptomycin. On tlie whole, 
the continued purification of the pioduct has eliminated not only' those touc 
etTccts wliicli even in the early days were attnhutod to impuritie.n, but also 
some of those which erroneously were leganlcd as iiitrin.sie properties of 
the streptomycin molecule itself, for example, the reno- and hepato-to\ic 
action (!)• Furthennore, there ls now ample evidence that even the mo't 



PHARMACOMJGV 


i3r)9 

5 seconds. Constant improvement of the material made it possible to raise 
these requirements, so that toda3’ the minimum required dose is 1,000 /ij; of 
streptomj'cin base, injected in the same manner. 

The question of the significance of intravenous toxicitj- tests has fie- 
quentlj' been raised, and much effort has been spent to discover a relation- 
ship between the acute toxicity in mice and the degree of tolerance in man. 
The early studies had proved that there is no constant relationship be- 
tween the quantity of streptomycin (base) administered and the number of 
deaths resulting therefrom (fig. 44). This suggested that the acute toxicity 
depended not only upon the dose of streptomycin itself, but also upon the 
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F;g. 44. Acute subcutaneous toxicity ia mice of 200 lots of streptomycin 

quantity and type of contaminants. All attempts, however, to correlate 
the acute toxicity of individual streptomycin lots in animals with their gen- 
eral clinical tolerance have failed. Nevertheless, this “safety” test seems 
to be justified because experience has shown that even seemingly slight 
variations in the streptomycin broth or in the extraction and purification 
processes may be reflected in the outcome of acute intravenous toxicity 
tests. Furthcrmoie, though there is no strict parallelism between the in- 
travenous toxicity and other pharmacologic effects, such as neurotoxicity, 
sufficient data have been accumulated (8) to indicate that lots which posscs.s 
a high intravenous toxicity in animals often arc also less well tolciatcd by 
patients. Thus, although a higher intravenous toxicity is not indicative 
of any one specific clinical side reaction, it does suggest that the lot in 
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is in sharp contrast to the results obtained with streptothricin, an antibiotic 
othenvise closely related to streptomycin (6). 

The signs of acute streptomycin poisoning, following a subcutaneous or 
intravenous injection, consist of restlessness, labored respiration, loss of 
consciousness, and coma (1). In addition to these signs, larger animals 
such as cats and dogs may exhibit nausea, vomiting, and ataxia. In all 
warm-blooded species death occurs apparently through respiratory failure, 
since the heart continues to beat for several minutes after respiration has 
ceased. Prompt initiation and maintenance of artificial respiration may 
often prevent an otherwise fatal outcome. Frogs, which do not depend 
upon pulmonarj’ respiration, survive many-times fatal doses, provided they 
are kept partly submerged for several days in tanks where the water is 
changed frequently. 


TABLE 29 


Average acute toxicity of streptomycin calcium chloride complex 
L.D. 50 itt mg of base/kg 


UEOIS 

O.-nAVE.'lOOS 

SVSCUTASTOCS 

FEIOtAl. 

Frog 


>1000 


Mouse 

200 

>700 

9000 

Rat 

175 

>600 

>6000 

Guinea pig 


>600 


Rabbit 

225 

>600 


Cat 

150 

600 

>2000 

Dog 


>300 


Monkey 


>400 



The sensitivity of different animal species to single large doses of strepto- 
mycin varies considerably; frogs appear to be least sensitive, monkeys and 
dogs most sensitive, with cats, rabbits, guinea pigs, rats and mice occupying 
an intermediate range (table 29). Theacute toxicity for man is not known; 
but single doses as large as 1 gm and total daily doses up to 10 gm have been 
given by intramuscular injection nithout untoward signs (7). 

It must be pointed out that the above data refer to the pure slreploinycin 
preparations available today, earlier e.\pcnments conducted with less pure 
samples show ed not only mde variations among individual batches but also 
a higher degree of toxicity. 

\s was mentioned previously, the determmation of intravenous toxicity 
is one of the official Food and Drug Administration tests which each lot of 
streptomycin must meet before it can be released for clinical use. The 
minimum L.D. 0 winch a sample has to pass was originally set at 300 pg of 
streptomycin base per kilogram, injected in 0.5 cc of water or saline within 
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itbclf, but to an impurity of hibtamine-likc natuie, poabibly hUtamme it- 
self. Since the piesent Food and Diug Administration standaids icquiie a 
lelatively high degree of freedom from that impurity, this circulatory side 
reaction is no longer being obser\'cd. 

Even pure streptomycin m large dojscs causes a certain gradual fall of 
arterial blood pressure; this, however, is altogether dilTeieut from the steep 
drop found in a histamine-contaminated sample. Very large doses, such 
as 200 to 400 mg/kg usually produce irreversible effects. The blood pres- 
sure falls to as low as 10 to 15 mm Hg and, provided artificial respiration is 
maintained, remains at this level until the excess streptomycin has been 
excreted. During this stage of respiratory and vasomotor pai'alysis, the 
heart continues to beat regularl}'. If death occurs despite artificial respira- 
tion, it is probably caused by paralysis of the vasomotor centers, n liich then 
also fail to respond to such stimuli as increased carbon dio.vide tension, 
picrotoxin, or metrazol (1). Electrocardiograms taken at frequent inter- 
vals during and after injection of normal to very large doses of streptomycin 
show no significant changes. 

Respiratory Effects 

Small doses of pure streptomycin (in tire order of 0.1 to 0.2 mg/kg) in- 
crease both the frequency and the amplitude of respiration, nheicas doses 
of 10 to 100 times that magnitude, particularly when injected intravenously, 
cause respiratory depression. This is one of tire first signs of acute poison- 
ing from btreptomj'cin and is, as has been pointed out previously, the cau .‘'0 
of death in acute toxicity experiments. 

Renal ani> Hepatic Effects 

The earlier preparations of streptomycin definitely affected the renal and 
hepatic function of animals and man In addition, to a marked and pro- 
longed reduction of water diuresis, which could be asci'ibcd to the lustamine- 
bke contaminant, there were observed proteinurea, incieaso in blood uica 
values, occasional hyaline and grunubr casts, and blood cells in the urine 
even if histamine-free material was used, particularly when given repeatedly 
and m larger doses (200 to 300 mg/kg) (1,9, 11, 13, 14). 

Animals treated in this manner shoucrl at autop.sy albuminous detritus 
m the subcapsular spaces of the kidney, fatty metamorphosis, and 
occasional tubular necrosis. It was geirerallj' assumed that this rcno-to.xic 
effect 'vas air intrin-iic property of streptomycin. Repetition of such c.\- 
periments in dogs and monkeys with the presently available pure strepto- 
mycin (10, 12) raises considerable doubt, however, of the validity of this 
assumption, since the animals injected <Iaily for 2 and 3 w eeks witlr 200 ami 
300 mg of the pure material failed to develop airy of the functional and his- 
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(mention differe from the standard and should bo more completely 
investigated. 

Chronic Toxicity 

Although, as has been pointed out, acute toxicity experiments are justi- 
fied primarily as an additional control in large-scale production, chronic 
toxicity studies are of mucJi greater interest because they approach more 
closely the conditions of actual clinical use. Figure 5 summarizes invc'ti- 
gations of this nature performed in the same laboratory (Merck Institute) 
under identical e.\perimental conditions. 

Doscs up to 100 mg/kg of impure streptomycin hydiochloridc, injectcil 
subcutaneously, uere well tolerated by rats for several weeks; and up to 300 
mg/kg, mixed with the diet, could be fed without significant effects upon 
the general health and the growth rate. Dogs and monkeys, given siibcu- 
taneously 100 to 200 mg/kg of a preparation of intennediate punty 
developed signs of toxicity consisting of loss of appetite and occasional ten- 
derness and soies at the site of injection. These animals aUo exhibited pro- 
tcinuieu and appearance of casts in the urine (9). Similar experiments, 
conducted moie recently, however, with up to 300 mg/kg of pure strepto- 
mycin (10), failed to elicit such changes, and biochemical tests of lenal anil 
hepatic function, as well as microscopic c.xamination of the urine, failed to 
reveal any of the changes pieviously reported. The conclusion seems justi- 
fied, tlieiofore, that the toxic effects previously described were due to im- 
puntiC'i .Uthough the reno- and hcpato-toxic effects were not ob'er\ed 
when puie stieptomj'cm was used, there were essentially no changes in the 
neurotoxic signs. The latter must therefore be regarded as an intrinsic 
property of streptomycin 

The pathologic.al findings after repeated injection of earlier lots of sticpto- 
mycin in experimental animals consisted of neciotic or infiamcil areas at 
the site of injection, as well a.s fatty metamorphosis of the liver and*, le?^ 
ficquently, of the kidney (II) Experiments In monkej’s indicated that 
these changes were reversible, provided drug administration had been dis- 
continued hefoie iru’parable anatomical damage had been done. A recent 
repetition of tliose expenmenl.s with pure streptomycin failed to produce 
such changes (12) 

('inri'LXTOUX ICFFr.CTs 

Eully lots of streptomycin frequently elicited pronounced circulatory 
effects, such as a steep fall of artenal blood piessuie and peripheral ^a' 0 - 
dihitation. In man, such cffect.s lesulted in fiu.sliing of the ears and the 
f-icid anti abdominal .skin, attacks of dizzine.s.-., and, (H*ca.sionally, fainting 
spcll-s (13)- f'^ds circulatory action, however, was duo not to streptomycin 
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itself, but to an impuiity of histamine-like nature, possibl}' histamine it- 
self. Since the picscnt Food and Duig Administiation standards rc(iuiie a 
lelatively high degice of fiecdom from that impurity, this circulatoiy side 
reaction is no longer being observed. 

Even pure streptomycin in large doses causes a ceitam gradual fall of 
arterial blood pressuio; this, however, is altogether different fiom the steep 
drop found in a histamine-contaminated sample. Very large doses, such 
as 200 to 400 mg/kg usually produce irreversible effects. The blood pies- 
suie falls to as low as 10 to 15 mm Hg and, provided artificial lespiration is 
maintained, lemains at this level until the excess stieptomycin has been 
e.\creted. During this stage of lespiratoiy and vasomotor paialysis, the 
heart continues to beat regularly. If death occurs despite artificial lespira- 
ti'on, it is piobably caused by paralysis of the vasomotor centers, uhich then 
also fail to respond to such stimuli as increased carbon dioxide tension, 
picrotoxm, or metrazol (1). Electrocardiograms taken at frequent inter- 
vals during and after injection of normal to very large doses of stieptomycm 
show no significant changes. 

Resi’1r.\touy Effects 

Small doses of pure streptomycin (in the order of 0.1 to 0.2 mg/kg) in- 
crease both the frequency and the amplitude of respiration, uhcreas doses 
of 10 to 100 times that magnitude, particularly wlien injected intravenously, 
cause respiratory depression. This is one of the first signs of acute poison- 
ing from stieptomycin and is, as has been pointed out previously, the cau.so 
of ilcath in acute toxicity experiments. 

Renal and Hepatic Effects 

The earlier preparations of streptomycin definitely affected the lenal and 
hepatic function of animals and man. In addition to a maiked and pio- 
longcd reduction of water diuresis, which could be ascribed to the liistamine- 
likc contaminant, there Merc observ’ed proleinurea, increase in blood uiea 
values, occasional hyaline and granular casts, and blood cells m the urine 
even if histamine-frcc material was used, particularly when given repeatedly 
and in larger doses (200 to 300 mg/kg) (1, 9, 11, 13, 14). 

Animals treated in this manner showed at autopsy albuminous detritus 
111 the subcap&ular spaces of the kidney, fatty metamorphosis, and 
occasional tubular necrosis It was generally assumed that this reno-to\ic 
effect was an intrinsic property of streptomycin. Repetition of such ex- 
periments in dogs and monkeys with the presently available pure strepto- 
mycin (10, 12) raises considerable doubt, however, of the validity of this 
a^^umptlon, since the animals injected daily for 2 and 3 weeks with 200 and 
.{00 mg of the pure material failed to develop any of the functional and his- 
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question differs from the st^odard and ^houId be more completdr 
investigated. 


Chroxic Toxicitt 

.Uthough, as lias been pointed out, acute lovicity experiraents are justi- 
fied primarily as an additional control in large-scale production, chronic 
toxicity studies are of much greater interest Ixxau.'O they approach more 
closely the condition.- of actual clinical Use. Figure o summariies investi- 
gation.- of thl- nature performed in the same laliomtoiy (Merck Institute' 
under identical e-xporimental conditions. 

Does up to 100 mg 'kg of impure streptomycin hydrochloride, injrt-ied 
-ubrutaneously, uerewell tolerated by rats for several necks; and up to SW 
mg kg, mixed with the diet, could be fed nnthout significant effects ujx>a 
the general health and the growth rate. Dogs and monkeys, given siihcu- 
tancously 100 to 200 mg'kg of a preparation of intermediate purity 
developed signs of toxicity consisting of loss of appetite and occasional ten- 
derness and sores at the site of injection. These animals also exhibited pn>- 
teinurea and appearance of casts in the urine (9). Similar experiments, 
conducted more recently, however, with up to 300 mg kg of pure strepto- 
mycin (10), failed to elicit such changes, and biochemical tests of renal and 
hepatic fitnction. a* well as microscopic e.xamination of the urine, failed to 
reveal any of the changes previously reported. The conclusion seems jusU- 
fied, therefore, that the to.xic effects previously described were due to im- 
purities. .Uihough the reno- and bepato-to.xic effecu were not ubircrveJ 
when pure -ireptomycm was Used, there were essentially no changes in the 
neuroloxic signs. The latter must therefore be regarded as an intrinsic 
property of streptomycin. 

The pathological findings after repeated injection of earlier lots of strepto- 
mycin in experimental animal- consisted of necrotic or inffamed areas at 
the site of mjection, as well as fatty metamorphosis of the liver and, 
frequently, of the kidney <11). ELxperunents in monkeys indicated that 
these changes were reversible, provided drug administration bad been di=- 
continued before irreparable anatomical damage had l>een done. recent 
repetition of these experiment.- with pure streptomycin failed to pnxiuce 
such changes (12 1 . 

CiBm..\TORv Enxens 

E^rlv lota of streptomycin frequently elicited pronounced circuUloiv 
effects, such as a steep fall of anenal blood pressure and peripheral vaso- 
dilatation. In man. such effects- re-vilied m flin-hing of the ears and the 
facial and abdominal skm, attacks of dizziness, and, occasionally, faintii^ 
-pells (13)- This circulator^' action, however, wa* due not to streptoaij'cai 
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tologic changes observed with the older, jiUhougli highly purified and 
histamiue-free preparations. 

The hepatic effects following injection of the older type of streptomycin 
similarlj’ failed to develop when chemically pure streptomj'cin was used. 
The conclusion teems justified therefore that, in animals, pure streptomycin 
is essentially free from reno-toxic and hepato-toxic effects. 

MisCELLWEOUS PhARMACODY.VAMIC PnOPEltTI^i4 
Smooth muscle 

Streptomi’cin produces a slight reI.axation of the isolated uterus and in- 
testine when it is added to the oig:m bath in a concentration of 25 tooO 
mg/100. 


TABI.K 30 


Effects of (/(lity repeated admiittslratwn of slreplomycin in lanous animal tpecirt 
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42 
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sc. 

14 

! L.D. 50 

Rabbit 
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10 
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Cat 
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C 

1 N'euroto\ic signs 


0 2 , 

1 s.c. 

1$ 

Xeurotovic signs 

Monkey 

02 , 

s.c. 

5 

Xo reaction 


The strcptonijcin used in these studies coiil.niiied from 700 to 730 units/niff 


Gastric secretion 

Streptomycin lots containing the histamino-hke impurity greatly stimu- 
late the secretion of gastric juice and free hydrochloric acid (lo). Pure 
streptomycin, not only is free from these effects but actually depresses the 
stimulating action of histamme on the secretion of hydrochloric acid. 
Streptomycin, although partly excreted through the bile and the pancrc.itie 
juice, docs not significantly alter the secretory activity of these organs. 

Local effects 

As might be expected, the local effects of streptomycin vary greatly with 
the purity of the preparation as w'ell as the concentration of the solution. 
The lower the purity, or the higher the concentration, the greater is the 
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flora of the intestinal tract and thus might affect blood coagulation in- 
directly. Smith and Robinson (23) have sho\vn that the addition of 
streptomycin to the diet of mice in amounts equivalent to a daily intake 
of 30 to 300 rag/kg of streptomycin base reduced within 24 hours the coli- 
form count from a normal of approximately 100,000 bacteria to one of 
100 bacteria per 3 mg of feces and that this low level was maintained 
throughout the period of treatment. A significant reduction also occurred 
in the number of nonlactose fermenting oi^anisms. Although these 
authors did not observe the development of an overt vitamin deficiency 
in these animals fed a nutritionally well balanced diet, Emerson and Smith 
(24) found that rats on a purified diet containing streptomycin and provid- 
ing a daily intake of 580 to 875 mg of streptomycin base per kilogram, 
developed signs similar to those observed in biotin deficiency. Changes 
in prothrombin time were not noticed. This is in contrast to findings of 
Ravdin ct al. (25) that patients given streptomycin by mouth develop 
within 4 to 5 days a definite prolongation of prothrombin time, which 
returns to noiinal after discontinuation of streptomycin therapy and can 
be counteracted by administration of vitamin Kor by blood transfusion. 

Nenroloxic properties 

The ncurotoxic properties of streptomycin, first described by Hinshaw 
and Feldman (20) in man and by MoUtor cl al. in animals (1), consist of a 
selective action on the vestibular and auditory mechanism. They are the 
most characteristic and seiious toxic manifestations of this antibiotic and 
must be regarded as an intrinsic property of the streptomycin molecule, 
bince they develop upon prolonged administration of large quantities of 
even the purest material. The early clinical observations indicated, how- 
ever, that the amount of drug and the length of time requiied to produce 
the first signs of neurotoxicity varied considerably with the purity of the 
streptomycin used. A systematic study in animals (2) not only fully 
confirmed these clinical observations, but clearly indicated a close inverse 
relationship of purity and ncurotoxic potency (fig. 40). 

In view of llie high selectivity of the ncurotropic effect of streptomycin, 
it appealed probable that the factor responsible for variations in the neuro- 
toxicity of certain lots of intcimediate purity was not an accidental im- 
jiunty but rather was chemically iclatcd to stieptomycin. Though the 
exact natuie of this faetoi’ — or factois — has not yet been fully determined, 
it has been shown in animals (2) that sticptidino pioduccs ncurotoxic 
'.igns which arc virtually iiuhstinguisliabic from tlio.se of streptomycin. 
Since strcptidme i.-' practically devoid of the antibiotic effect of streptomycin 
and IS not detectable by the ehemic.il tests routinely employed for deter- 
mination of streptomycin, its presence in the form of a degradation product 
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pcobabiUty o{ local reactions- Pure streptomycin is relatively free from 
such irritatiag effects*, it may cauf« pain, hov^cver, if injcctc^l i=\\bcu' 
taneously or intramuscularly in coiiccnfrations e.xcectUng 20 per cent. X» 
signs of local damage were found in the veins of rabbits or dogs after re- 
peated intravenous injection of streptomycin solutions containing up to 75 
mg/ml (1). 

The relative degree of irritation can be ascsiiyed by subcutaneous injec- 
tion of 0.03 ml of 30 and -iO per cent solutions of streptomycin, respectively, 
into a rabbit’s ear and observation of the vascular reaction by transJlluin- 
mation (fig. 45). GUiucally \seU tolerated lots do not produce an appre- 
ciable dcgice of irritation during a 2-day observation period (16). 

The effect of streptomycin on the migration of macropliages and the 
growth of fibroblasts has been reported by Heilman (17) and Bucher (18). 
Both authors found btre])toai}*cin to Jj.ave a \’erj' lo^v* degree of cytotoxicity, 
though evccodmg that of pure penicillin G, it was appro.vimately only 
ono-fifth that of one of the sulfones (Cilag) and one tiventy-fiftb that of 
paraaminosalicyhc acid. Howes (10) has investigated the effect of strep- 
tomycin oil wound healing in c.vperimental animals as well as in patients. 
.Uthough epithelialization was retarded by concentrations exceeding 0.4 per 
cent, tt was not advor.^ly alTcctc<l by a concentration of 0.2 per cent. This 
lower concentration, p-articularly « hen Used in combination with a sulfonani' 
ide, proved to bo of definite clinical value by promoting the Jicaling of con- 
tammaied wounds. E.xpenments performed in the Merck Institute nith 
streptomycin of presumably much greater punty not only confirmed these 
results but indicated an accelerated rate of wound liealing, when a concen- 
tration of 0.75 per cent of pure streptomycin in agar base was used; a con- 
centration of 1 per cent failed to interfere mth the growth of healthy granu- 
lations, but did not accelerate the wound liealing (20). 

Effect on blood coagulation 

The reports on the effect of s( reptomycin on the coagulation time of blood 
are contradictory Macht (31) leportcd that “next to the chemotherapeu- 
tic properties of penicillin and streptomycin and their low to.xicity, the most 
important pharmacologic finding is tlieir thromboplastic activity... 
Overman and WTight (22). on the other hand, reported that streptomycin 
prolongs the prothrombin time and the coagulation time of blood. 

Since no other reports have appeared in the literature, in spite of the 
very’ wide Use of stieptoroycm, it nould seem justifiable to assume that, 
regardless of what action streptomyrin might exert on blood coagulation 
time the effects are not sufficiently marked to cause clinical complications 
and difficulties The possibility exists, hoivever, that prolonged oral 
administration might interfere \nth the xulamin K synthesis by the bacterial 



PHATU4ACOLOQY 


2G7 


pigs, rats, mice, pigeons, chickens), cats appear to be the most sensitive, a 
daily dose of 50 to 150 mg/kg producing definite neurotoxic signs within 
an average of 20 days. These signs consist of changes in gait and posture; 



Fig 47 Uighling reflexes in a normal cat ciropi>c<l in the supine posihoii from 
hcigiU of 1 2 m 

ataxia, whicli at firat is confined to hindlimbs but eventually also afTccts 
the forelimbs (figs. 47 and 18); and a progressive loss of rotational ny.s- 
tagmus, alTccting at first the postrotational and later the pcrrotational 
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in a lot of streptomycin could not be noticed. Thus, of two streptomycin 
solutions that were equally potent in terras of streptomycin base, the one 
containing an added amount of streptidine definitely exerted greater 
neurotoxic effects in experimental animals. 

The incidence of lot-to-lot variation in neurotoxicity depends to a 
marked degree on the purity of the sample (28). Though neurotoxicity 
is relatively frequent witli material of a potency' up to 400 pg of strepto- 
mycin base per milligram, it is virtuaHy’ absent in streptomycin of a 
chemical purity exceeding 95 per cent, the neurotoxicity of such material 
being apparcnliy due to that of the streptomycin molecule itself. 

Use of streptomycin of the highest degree of purity seems therefore 
desirable. Although the pure drug will not provide better chemother- 
apeutic results than an equix'alent dose of a material of lesser purity, it will 




46. Kelationship of oeurolropic properties of streptomycin in aniinals and 


minimize the variations in neurotoxicity. Any further reduction of the 
neurotoxic properties will lequire a change in the chemical structure of the 
streptomycin molecule itself, such as is the case with dihy'drostreptomycm 

(29). 

In animals, neurotoxic signs may be produced by repeated subcutaneous, 
intramuscular, or mtravenoub injection of 50 to 400 mg/kg of streptomycm 
base over a period of several weeks 

The time required to develop a x-estibular dysfunction varies with the 
size of the individual (ilaily’^J dose, the duration of administration (total 
dose), the sensitivity of the animal species as well as that of the individual 
animal, and the general conditions under which the test is performed (high 
temperature and humidity appear to shorten the time for the development 
of ncurotoxic signs). 

Of the many species examined (monkeys, dogs, cats, rabbits, gumea 
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CAT 92» NORUAt CONTROL 

EYES OPEN 



CAT 929 STNePTOMYCIN'HCL 7SI 100 MO /XG/OAT $ C I9THDAY 

EYES OPEN 



I'lo 19 (a) 
inaMiimni si>ccd • 

tal)lc (ca 1 rc\c ^ , . . ■ . . ■ 

clockwise. (Ij) NjstaKiaus ni same cat at otibct of &trcptx)m>cin intoxication. Ito- 
corilcd un day of appearance of ataxia. Minimal change in njstagmuB, affecting 
pust.rotaliooal response (30). 
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Tresponse (fig. 49). The ataxia and other manifestations of vestibular 
dysfunction gradually disappear after the drug has been withdrawn; and 



Fig 4S Lack of righting reflexes in a cat severely intoxicated xnth 
The animal was dropped in the supine position from a height of 1.2 m It 
♦rPited for 18 das's «itb crj-stalline streptom3’cin CaCIj-complex in daily dosCS oi 
me; ot Stroptomycin base per kg of bSdy might. The photograph traa takea aO 
daJ3 after the treatment was stopped. 


cats which were periodically examined over 12 montlis after discontinuation 
of streptomycin administration showed a definite recoverj’ of vestibular 
' f ctions (fig* fiO)* addition to the peripheral vestibular mcchanitm, 
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streptomycin aUo appears to affect certain closely related central, vestib- 
ular, cerebellar, and optomotor functions. Stevenson cl al. (32) observed 
in dogs treated for 28 days with 170 mg/kg of streptomycin base a liquefac- 
tion necrosis of the ventral coclilear nuclei and the clumping of Nissl-like 
material in the majority of the neurones of these nuclei. Similar neuronal 
changes were found by these authors in tuberculous patients u ho had died 
after prolonged streptomycin therapy. The interpretation of the histo- 
logical findings in these patients is complicated by the fact, however, that 
all of them manifested varying degrees of tuberculous involvement of tlie 
central nervous system. 

The dose of streptomycin required to affect the auditorj* function of 
animals and man is much larger than that needed to produce changes in 
the vestibular mechanism. First affected is the perception of the high 
tonal frequencies this is followed by an impairment in the low-frequency 
range; and intermediate fre(iucncies are affected last. Ability to perceive 
speech thus may be still normal at a time when reception of the other fre- 
c;uenoies has been seriously disturbed. It is, therefore, highly important 
to use audiometer tests, if the earliest stages of the toxic effects of strepto- 
mycin upon the auditory function arc not to be missed. 

Altliough it is reasonable to assume that a specific ncurotoxic effect is 
exerted by streptomycin on all animal species, it is more difficult to detect 
in some (guinea pigs, rats, mice) than in others (rabbits, cats, dogs, 
monkeys.) A latent disturbance of the vestibular mcclianism, however, can 
be made manifest under certain experimental conditions wlilch impose upon 
tlie animal the necessity to move in a manner to which it is not accustomed, 
Mich as swimming (33) or walking a tight rope (34). 

The delayed neurotoxic effects just de&cribed can be produced by intra- 
venous, intramuscular, and subcutaneous injection, but not by peroral 
administration, presumably because of the very small quantity of strepto- 
mycin aii&orbcd from the gastro- intestinal tract. 

If streptomycin is injected intracistcrnally or intrathecally in rabbits, 
certain ncurotoxic effects develop which arc distinctly different from those 
seen after repeated parenteral administration (4). The changes develop 
within 30 to 00 minutes. The animal is unable to remain in a normal 
erect position, becomes hypcrexcitable, and reacts to touch with fast jerky 
movements. These signs are followed by muscular tremors, development 
of spontaneous nystagmus, and a sudden outbreak of epileptiform con- 
vulsions These seizures last 10 to 30 seconds and recur at frequent in- 
tciw'als of approximately 10 minutes. With larger tloscs (3 to 5 mg/kg) 
convulsions occur almost continuously and are often accompanied by 
loud screams, .\nimals that recover from the acute ncurotoxic effects 
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CAT 929 STREPTOMTCIN-HCL 731 lOOMfi/KC/DAV S'C 


43R0 OAT 




CCW 


CAT 929 lUCOVtftr OP NTSTACyuS 

12 MONTHS APTCN EAST DOSE OF STREPTOUTCN 

EYES OPEN 



Fig 50 (a) Electro-nystagmograms from same eat as figure 49 m severe strep' 
tomycm intoxication. Loss of vcsUbiilar nystasmns (eyes covered) "''““"X 
oled Optokinetic component still present in record noth eyes open. (W Partial 
fccovery of nyatasmus 12 months after last (olthi dose of streptomycin (31). 
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raycin in doses of 200 mg/kg, vestibular dysfunction developed only after 
16 to 27 days (average 22 days). Similar results were obtained in dogs. 
Clinical findings (45, 46) corroborated the results obtained in animals and 
showed dihydrostreptomycin to be about half as neuiotoxic as strepto- 
mycin (fig. 51), although possessing essentially the same antibiotic activity. 
In spite of the close chemical relationship to streptomycin and the fact 
that it is derived from the latter, dihydiostreptomycin is frequently well 
tolerated by patients wlio aie allergic to streptomycin. Likewise, the 
eosinophilia often developing during streptomycin therapy appears to be 
less common with dihydrostreptomycin; an already established eosino- 



Fio, 51. Time of appearance of ataxia in cats treated with dihydrostroptomyein 
or with streptomycin as a function of the size of the dose employed Each point 
represents one animal, except where shown otherwise by numcr.'ils. Arrows indi- 
cate absence of ncurotoxio effects. 

philia decicascd when dihydrostreptomycm was sub^tituted for stiepto- 
myem. 

Although some of the earlier ami less pure lots of dihydrobtreptomycin 
hydrochloride caused considerable pain and irritation at the .site of injec- 
tion, the presently available hydrocliloridc and sulfate are as well tolerated 
as streptomycin. Indeed, irritation tests in the rabbit’s ear, using Kuna’s 
leclmic (10), indicate that the sulfate of dihydrostrcptomycin is consider- 
ably less irnlating tlwn streptomycin hydiochloride (47); prehminary 
clinieal reports (48) seem to confirm these findings. 

Streptomycin and dihydrostrcptomycin do not appear to be interchange- 
able with ix'gard to antigenic properties, but they cause the siime response 
in the development of drug-fastness; bacteria uliicli have become resistant 
to streptomycin are also resistant to dihydrostrcptomycin. 
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remain normal and fail to show the long-lasting neurologic disturbances 
that are characteristic of the recovery phase from chronic streptomycin 
intoxication. 

The convulsions following intracistemal injection of streptomycin re- 
semble those observed by Walker et al. (3) after intracortical injection of 
penicillin and streptomycin. Similar convulsions may also be produced 
by intracistemal injection of gunnidinc, which, however, fails to produce 
the characteristic signs of delayed neurotoxicity (35). 

Allergic reactions 

Among the earliest side reactions observed in streptomycin-treated 
patients were elevations of body temperature, starting 1 to 2 days after 
the beginning of streptomycin therapy, eosinophilia, skin lashes, and 
development of an itching maculopapular eruption over the trunk and 
extremities (30, 37, 38, 14). /Vnothcr frequent complaint, particularly 
following administration of the earlier and impure samples, was that of 
pain in the joints. None of these signs could be reproduced in animals. 
It would seem that they are of true allergic origin. Similar skin reactions 
have been frequently observed among nursing staffs and chemists who come 
in frequent contact with dry streptomycin (39, 40). As a rule, these 
dermatologic phenomena promptly respond to antihistaminic therapy, a 
further indication of their nonspecific, allergic origin. 

DinYDROSTREPTOin'CLV 

The development of vestibular dysfunction and, less often, acoustic 
impairment after prolonged administration of streptomycin, has led to a 
search for streptomycin derivatives of equal antibiotic activity but lesser 
neurotoxic properties. The best compound prepared thus far is dihydro- 
streptomyem, made by catalytic hydrogenation of streptomycin. This 
new agent, first prepared by Peck, HoIIhine, and FoUcers (41) and shortly 
afterwards by Bartz et al. (42) and Fried and Wintersteiner (43), has been 
investigated pharmacologically in animals by Edison et al. (29), Rake el al. 
(44), and Hobson et al (45); and m patients by Hinshaw et al. (40) and 
Hobson cl ah (45). ^iJthough its chemotherapeutic, pharmacologic, and 
toxicologic effects closely resemble those of streptomycin, they differ from 
the latter with regard to the neurotoxic threshold dose. When the two 
drugs are given in doses containing equal weights of base, ataxia and loss 
of vestibular refiexes appear much later and are less severe with dihydro- 
streptomycin than with streptomycin. Thus, of four cats receiving 
streptomycin in doses of 200 mg/kg daily, all became ataxic within 12 to 
14 days (average 13 days), whereas in four cats receiving dihydrostrepto- 
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CLINICAL USES OF STREPTOMYCIN 
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Chapter 16 

CLINICAL INDICATIONS FOR STREPTOMYCIN 
THERAPY 


Streptomycin has taken its place in the treatment of many infectious 
diseases that fail to respond favorably to any other chemotherapeutic agent 
or antibiotic. Two outstanding examples of such infections are tuber- 
culosis and tularemia, but many others are listed below and discussed in 
this section. 

Diseases in Which Streptomycin Is Indicated 
Abscesses due to mixed bacterial infections 

Appendiceal abscess Relroperitoneal abscess 

Liver abscess Subpbrcnic abscess 

Perirectal abscess Subbepatic abscess 

Pelvic abscess Tubo-ovartan abscess 

Bacteremias 

A. aerogenes Pr. vulgaris 

E. coli , Ps. aeruginosa 

Kl. pneumoniae SahnoncUa 

U influenzae rcnicillm-resislaal, 

streptorayem-sensitive, 
gram-positive bacteria 

Bone and joint infections due to gram-negathe bacilli 
Brucellosis 

Best results have been obtained in acute cases ^^hcn used in combination uith 
sulfadiazine 

Endocarditis due to gram-ntgaliie organisms and penici/fin-rrjKtant, Jitrfp/o;;ij/ci'n- 
«cnsitiie organisms 

Infections of the gastro-intcstinal and biliary tracts 
Cholangitis DucrticuUtis 

Acute cbolocystitls Ulcerative colitis 

Pylephlebitis 

Genito-xrinari/ tract infections other than pyelonephritis 
Prostatitis Semino\csiculitis 

Epididymitis 
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Streptomycin has taken its place in the treatment of many infectious 
diseases that fail to respond favorably to any other chemotherapeutic agent 
or antibiotic. Two outstanding examples of such infections are tuber- 
culosis and tularemia, but many others are listed below and discussed in 
this section. 

Diseases in Which Streptomycin Is Indicated 

4bice8se4 to mixed hacterial infections 

Appendiceal abscess RelroperUoneal abscess 

Liver abscess Subpbrenic abscess 

Perirectal abscess Subbepalic abscess 

Pelvic abscess Tubo>ovarian abscess 

Bacteremias 

A. aerogenes Pr. vulgaris 

E. colt , Ps. aeruginosa 

Kl. pneumoniae Salmonella 

II influenzae Penicillin-resistant, 

streptoroycin-sensitive, 
gram-positive bacteria 

Hone and joint infections due la gram-negative bacilli 
Itruecllosis 

Best results have been obtained in acute cases when used in combination with 
sulfadiazine 

Endocarditis due to gram-negative organisms and penicilltn-rcsislanl, slreploimjctn- 
sensiliie organisms 

Infections of the gaslro-intcslinal and biliary tracts 
Cholangitis Diverticulitis 

Acute cbolccjstitis Ulcerative colitis 

Pylcphlebilis 

Gcnilo-urtnary tract infections other than pyelonephritis 
Proatatitb Scminovcsiculitis 

Epididymilia 
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Granuloma venereum 
Meningitis 

II. influenzae P. lularensta 

E. coli Other gram-hegative 

Ps. aeruginosa organisms 

Ophthalmic infections 

Conjunctivitis and corneal ulcer 
Ps. aeruginosa 
E. coli 

Peritonitis due to single gram-negatiie organisms or mixed infections 
Postabortal and puerperal sepsis 

Prophylactic use prior to surgical trcalmcnt of gaslro-inleslinal tract lesions 
Respiratory tract 

Pneumonia «lue to gram-negative organisms 
II. influenzae 
II pertussis 
Kl. pneumoniae 

Empyema due to gram-negative bacilli 
Lung abscess with mixed infection 
Ozena and scleroma 
LaryngotracheobronchilU 
Infections of epiglottis 
Salmonella infections 

Infections of skin and subcutaneous tissues 

Tularemia 

Tuberculosis 

Acute and chronic urinary tract infections 

In selecting cases for treatment with streptomycin, it is essential that 
an etiologic diagnosis be made. Such a diagnosis provides a guide to the 
total daily dose of streptomycin and the duration of treatment. For 
example, in the treatment of tularemia, 0 5 gm a day for 6 to 7 days is 
usually adequate, whereas m the treatment of tuberculosis, 1 to 2 gm a day 
for G weeks is considered to be minimum treatment. In the treatment of 
other infections, different dosage schedules are desirable for optimal 
results, and they are discussed m connection with each disease and under 
the section dealing with dosage and methods of administration, 

In mixed infections due to gram-positive as 'oell as gram-negative 
organisms, it will be necessary m many instances to use a combination of 
both penicillin and streptomycin or streptomycin and sulfonamides. It is 
necessary, therefore, that as many of these cases as possible be studied from 
an etiologic point of view. 

Once an etiologic diagnosis has been established, it may bo well to deter- 
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mine the sensitivity of the organisms. This is not essential in e\'ery case, 
and treatment should not be postponed, in an acute infection, until this 
study has been made. It may become very important, however, in pa- 
tients who have an infection with a susceptible organism (that is, gram- 
negative bacillus) that fails to respond to the average dosage schedule of 
streptomycin or when a patient ha^j an infection due to an organism of the 
gram-positive group that is resistant to penicillin but sensitive to strepto- 
mycin in concentrations that are low enough so that streptomycin can be 
exhibited. 

The clinical indications for streptomycin, then, are very broad, and all 
infections listed in the table and discussed in this section should be tieated 
with streptomycin. 



WALI^VCE E. HEllEELL, M.D. 
Mayo Clinic 


ClIAPTEn 17 

.METHODS OF ADMINISTJiATION AND DOSAGE 


Local Application' 

The clinician may find it desirable on occasion to administer strepto- 
mycin in the form cither of streptomycin hydrochloride or of streptomycin 
sulfate by means of local application. Though various concentrations oi 
the material in aqueous solution have been employed, it would appear at 
the time of this writing that a satisfactory solution for local use is one 
which contains 2 gm of streptomycin per liter of distilled water (2 mg/ml). 
Such a preparation has been found useful for local application in the treat* 
inent of a variety of wounds infected by organisms susceptible to the ac- 
tion of streptomycin. In general, honever, local antibiotic therapy, 
including streptomycin therapy, is limited in its application. First, the 
antibiotic, when applied locally, does not penetrate the deeper layers of 
tissue, and it is difficult, if not impossible, to eradicate infection when local 
therapy is relied on alone. When local therapy is used, the best results 
will be obtained nhon it is combined with the sj'stemic administration of 
the antibiotic. Second, the clinician will do well to remember that the 
incidence of reaction, especially cutaneous reaction, is considerably higher 
after the local application of streptomycin than it is after the systemic 
administration of this antibiotic. 

It should be emphasized further that solutions of streptomycin are to 
be used not for purposes of irrigation but rather for instillation. When 
solutions of streptomycin are used for purposes of irrigation, the material 
does not stay in contact with the infected surface for a sufficient time to 
permit bacteriostatic activity. 

Intiumuscular Admlsistration 

Intermittent, intramuscular administration is the method most com- 
monly employed for the parenteral use of streptomycin. The most 
satisfactory stock solution of streptomycin for admmistration by the intra- 
muscular route is one which contains IMO mg of streptomycin per milliliter 
of triple distilled water. Although some of the more highly purified prepa- 
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rations arc well tolerated when administered subcutaneously, the intra- 
muscular route is generally the method of choice. Some difference of 
opinion exists as to the frequency of the injections. In the beginning of 
our studies on streptomycin Nichols and the author (1) administered the 
material cveiy 3 hours. In the treatment of most infections, excluding 
tuberculosis, it is now our practice, however, to administer the material 
eveiy 4 to G hours. The investigations of Loewe and Alturc-Werber (2) 
strongly suggest that O.o gm of streptomycin administered every 6 hours 
by the intramuscular route yields adequate streptomycin blood levels for 
the treatment of most infections. According to some investigators, 
satisfactory results may be obtained by administering the total daily dose 
by means of two injections. In the treatment of virtually all infections 
duo to susceptible organisms, the recommended total daily dose is 1.8 to 
2.4 gm of cither streptomycin hydrochloride or streptomycin sulfate. 
It is seldom, if ever, necessary to administer streptomycin longer than 7 to 
14 days. If the infection is going to respond favorably to streptomycin 
therapy, it will do so in this time. 

What has just been said concerning the daily dose and the duration of 
treatment lofors to the treatment of infections other than tuberculosis. 
Most authorities (3) on the use of streptomycin in the treatment of tuber- 
culosis recommend an average daily dose of 1 gm. Furthermoie, the 
duration of treatment of this infection often runs for several weelcs (at 
least 4 weeks and at times us long us 8 weeks). In some instances the 
material has been administered daily for as long as 3 to 4 months. Further- 
more, in the treatment of tuberculosis the entire daily dose is often ad- 
miniatered in one or two injections. 

On occasion it may be desirable to administer to the same patient a 
preparation containing both streptomycin and penicillin in the same solu- 
tion. For such treatment the recommended stock solution contains 20,000 
units of penicillin and 100 mg of streptomycin per milliliter. The solvent 
Used m making the&c aolutions is physiologic saline, rather than triple 
distilled uater, which is usually cmploye<l wlien streptomycin is used 
alone When this combined solution is useil, the interval of the intra- 
muscular injections is determined by the schedule of penicillin. Because 
penicillin is rapidly excreted, it is necessurj' to follow this schedule, wliich 
consists of making llie liilmmiiscular injections every 3 hours At the 
same time, one will expenence the cumulative effect of streptomycin. 
When one administers 2 ml of such a solution every 3 hours, the patient 
Will bo receiving 1.0 gm of streptomycin atul 320,000 units of penicillin 
during a 21-h()Ur jicriod. Mixtures of streptomycin and iKmicillin arc 
'vvtisfactorj' when the stock solution is made u(> every 18 hours. The two 
antibiotics must not bo allowed to slaiul in suUitiun longer than 2 or .3 days*, 
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because after that time there will be a loss of potencj' of penicillin, whereas 
stock solutions of streptomycin alone and stock solutions of penicillin 
alone, ^\'hen kept in the icebox, are stable for at least 4 weeks. Stock 
solutions of either antibiotic older than 4 weeks should not be used. 

Administration by Means of Hy'posprav (Jet Injection) 

Hirsh ei aL (4) have made preliminary reports on administration of 
streptomycin, as well as other substances, by means of hypospray. The 
principle is based on the fact that an extremely fine high-pressure jet is 
capable of piercing tlie human skin with only slight pain. The material 
to be injected is placed in a metal ampule, which has a capacity of 0.25 ml 
and is shaped like a blunt-nosed bullet. The tip of the ampule is held 
against the skin at the site of injection with the base locked securely in 
the apparatus. The plunger explodes against the rubber stopper, which 
forces the material out of the metal ampule and through the skin as a 
fine spray. The material is deposited subcutaneously and mtramuscularly 
to depths varying from 0.2 to 2 cm, depending on the tension of the spring 
and the site of injection. In addition to the lack of trauma to the tissues, 
Hirsh ct al. pointed out that the instrument eradicates the fear incident 
to injection by needle. Unfortunately, the ma.\imal amount of strepto- 
mycin that can bo dissolved in the volume contained in this apparatus is 
only 0.1 gm. The method, therefore, is not considered feasible in the 
treatment of infections requiring large doses of streptomycin. If the 
problem of dispensing larger amounts of the material can be surmounted, 
however, this may yet become an effective method of administering 
streptomycin, as well as other antibiotics. 

InTRAVENOOS AnjIIOTSTRATION 

Streptomycin solutions have at times been administered by the intra- 
venous route. Concentrated solutions thus administered, may at times 
produce considerable venous irritation, as well as systemic reactions. On 
the other hand, streptomycin may on occj^ion be given in a dilute solution 
by means of a continuous mtravenous infusion. The total daily dose of 
1.8 to 2.4 gm is administered m 2 liters of physiologic saline solution given 
at the rate of approximately 20 to 25 drops per minute. This method of 
administration is also often associated with considerable venous irritation 
and therefore is not considered the method of choice for the systemic 
administration of streptomycin. 

Intrathecal Administration 

Not all investigators are in complete accord concerning the value of 
intrathecal administration of streptomyem in the treatment of meningitis 
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due to organisms susceptible to the action of this drug. It is the author’s 
conviction that the objections raised to the intrathecal use of streptomycin 
in the treatment of meningitis are not based on fact. Certainly the slight 
irritation that may result is far outwei^ied by the improvement in clinical 
results when this method is employed. In other words, eminently better 
results can be expected when intrathecal therapy is combined with par- 
enteral therapy than when parenteral therapy alone is used in the treat- 
ment of these patients. "What has just been said applies not onl 3 ' to the 
treatment of coccal and bacillary meningitis, but also to meningitis due 
to M. tuberculosis. It was not until after intrathecal therapy was added 
to systemic therapy that satisfactory results were experienced in the treat- 
ment of the latter condition. 

For intrathecal therapy it is recommended that adults receive 100 mg 
of streptomycin in 10 ml of physiologic saline solution. This amount 
should be administered every 48 hours until negative cultures have been 
obtained. For young children and infants the recommended dose of 
streptomycin for intrathecal use is 50 mg in 5 ml of physiologic saline 
solution. Roscoo and Glecson-^Vlnto (5) have recommended daily in- 
trathecal therapy in the treatment of meningitis due to H. influenzae, and 
they further recommended that this procedure be continued until the 
cerebrospinal fluid has been sterile for 7 consecutive daj’s. As already 
stated, the author and his colleagues have not found it necessary to ad- 
minister the material more often than every 48 hours. Before the intra- 
thecal injection is made, sufficient spinal fluid should be withdrawn to 
permit routine bacteriologic and other laboratory studies, including deter- 
mination of the level of streptomycin in the cerebrospinal fluid. Further- 
more, there is no contraindication to the intrathecal use of solutions con- 
taining both streptomycin and penicillin. When such a mixture is to bo 
used, the 10 ml of saline solution should contain no more than 100 mg of 
sticptomycin and 10,000 units of penicillin. It should be re-cmphasizcd 
that the difficulties which have been encountered after intrathecal therapy 
have usually occurred when doses larger than 100 mg of streptomycin or in 
excess of 10,000 units of penicillin have been used for single intrathecal 
injections. Finallj', it shouhl bo mentioned that at the time of this writing 
regular streptomycin is the preparation of choice for intrathecal therapj*. 
Dihydrostrcptomyciu (0), although quite suitable and less to.xic than 
streplomj'cin for systemic administration, is not recommended for intra- 
thecal therapy. 

Administr-^tion dy Means of Nehuliz.vtion 
It is now clearly established that streptoinj-cin, as well as other anti- 
biotics, m.ay be safely and satisfactorily administered into the trachco- 
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bronchial tree by means of ncbulization or by means of supraglottic 
instillation. Olsen (7) has reported considerable experience with strepto- 
mycin and combinations of streptomycin and penicillin in the preoperalive 
preparation of patients with suppurative pulmonary disease and also has 
reported satisfactory results in the treatment of non&urgical lesions of the 
lung, such as bronchiectasis. He emphasized, however, that one should 
remember that m the latter conditions one is treating the secondary in- 
fection rather than the primary disease. When streptomycin alone is 
used for purposes of ncbulization, the preparation consists of streptomycin 
hydrochloride in a solution containing 2(X) mg of streptomycin per milli- 
liter. IVlien streptomycin is used in combination with penicillin, the 
preparation consists of 200 mg of streptomycin hydrochloride and 20,000 



IS dosed di 

“vaponefrin” type of nebuiizer ts depicted (7).' 

units of sodtuin penicillin per milliliter in the same solution. It should 
be emphasized at this point that the mixtures contain sodium penicillin 
and streptomycin hydrochloride. AVhen streptomycin sulfate is employed, 
a cloudy piccipitated solution, undesirable for this use, results. 

The method of administration employed by Olsen is as follows; 

A glass nebulizer Has connected by means of rubber tubing to an oygen tank 
equipped nith a reducing valve and flowmeter (fig 52). The solution nas placed 1“ 
the nebulizer, and thcpa.«sage of 4 to 6 liters of o\> gen through the nebulizer produce 
a fine mist The patient held the open end of the nebulizer in his mouth A Y tube 
Has inserted into the tubing lielnccn the reducing valve and the nebulizer During 
inspiration the patient closed the Y tube The Y tube remained open during expira- 
tion and oxjgen escaped Thus, oxjgen passed through the nebulizer only during 
the iiuipiratory ph.iso of respiration, and lo<is of the drug was reduced to themiuimuin- 
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If the breath was held for a few seconds after each inhalation, a greater amount of 
therapeutic agent was retained in the bronchial tree The pressure necessary to 
nebulize solutions can be supplied by a small motor and air compressor as uell as by 
the oxygen tank. In consideration of the results obtained in this series the possible 
therapeutic benefit of oxygen therapy should not be discounted entirely; however, for 
practical purposes any source of air pressure should be adequate. Air pressure has 
proved to be satisfactory for treatment by nebulization in the home. 

Modifications of the standard glass nebulizer have been devised to prevent loss of 
too much of the drug during expiration. A special nebulizer with a large bulb may 
be used, or a collapsible rubber rebrealhing bag may be attached to a standard nebu- 
lizer. Such modifications have been helpful for children and older persons uho have 
found it difficult to close the Y tube during inspiration and to open it during expira- 
tion An automatic demand type of oxygen regulator also has been devised to deliver 
oxygen pressure only during inspirarion.' The patients treated at the clinic whose 
general health has been good usually have preferred the standard nebulizer because 
it IS easy to handle. For special cases .an oronasal mask has been attached to the 
nebulizer. 

Solutions of penicillin or solutions containing both streptomycin and 
penicillin can be nebulized at approximately 1 ml every 10 minutes. After 
short periods of rest the patient again nebulizes the material and many 
patients can nebulize 2 to 3 ml each hour. This is continued during that 
part of the day when the patient is awake. When the foregoing method 
has been used in the preparation of patients for pulmonary resection, the 
routine postoperative bronchoscopic examinations often have revealed 
that the bronchial tree was free of secretions. Likewise, good clinical 
results have been reported in the eradication of secondary infection in 
patients with bronchiectasis. 

Reactions after nebulization of streptomycin are very uncommon. On 
occasion, patients may complain of a soic tongue after a few days of nebuli- 
zation, and rises in temperature have been noted after instillations. No 
serious systemic reactions have been encounteicd, and it is well established 
that little or no streptomycin reaches the general circulation after its 
administration by means of nebulization. Olsen has pointed out that 
allergic patients would be more likely to experience reaction tlian nonallcrgic 
patients. In this connection, the report of Wiener and Lcderman (8) of 
a case of local and systemic reaction in a iiatient after 9 days of strejito- 
nivcin therapy by the aerosol method should be mentioned. Though thi.s 
type of reaction undoubtedly will at times occur, it has not been a major 
problem. In fact, its occurrence after nebulization therapy is e.xtrcmely 
rate. 

Streptomycin may bo instilled into the trachea in a manner .‘similar to 
that cmplojctl for the introduction of iodized oil. Ol^cn recommended 
for supr.iglottie instillation 0.5 gm of streptomycin in 5 ml of isotonic 
solution of sodium chloride. When a mixture of streptomycin and penicil- 
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lin is desired, the amount used is 0.5 gm of stieptomycin and 100,000 units 
of penicillin in physiologic saline solution. 

Intilvthoiiacic Administration 

In the treatment of suppurative intrathoracic disease, such as empyema, 
it may be desirable at times to supplement systemic therapy with instilla- 
tions of stieptomycin into the pleural space. For intrathoracic treatment 
the daily amount of streptomycin usually recommended varies between 
0.2 and 0.5 gm. The amount to be used sliould be dissolved in 40 to 50 ml 
of physiologic saline solution and instilled directly into the pleural space 
after tlioracentcsis. This procedure may be carried out once cveiy 24 to 
48 hours. ^Vhen this procedure has been used in the treatment of empyema 
due to M. inherciihsis, rather sharp rises in temperature have been seen 
at times, and other untoward symptoms have been experienced (tuber- 
culin-like i eaction) . 

iNTRArBRlTONEAL ADMINISTRATION 

Under ceitum ciicumstanccs it may be desirable to employ antibiotic 
therapy by means of the intraperitoneal route. Generally, the prevention 
and treatment of suppurative disease in the peritoneal cavity lends itself 
^^cll to the introduction of 5 to 10 gm of sulfathiazolc at the time of ab- 
dominal laparotomy. On the other hand, there is no contraindication to 
the introduction of streptomycin alone or streptomycin in combination 
with penicillin directly into the peritoneal space. The recommended 
amount of streptomycin for introduction into the peritoneal cavity is 1 
This may be administered in a solution or, as recommended by Zingaro 
(9), 1 gm of streptomycin powder may be spread about in the peritoneal 
cavity. Zingaro expressed the opinion that the intraperitoneal use of 
streptomycin proved effective in the control of spread of peritonitis m 
seven patients treated in his service. 

When one wishes to use streptomycin in combination with penicillin, 
the recommended dose is 1,000,000 units of penicillin and 1 gm of strepto- 
mycin. In connection with the intraperitoneal use of antibiotic agents, 
the investigator should remember, however, that these agents do not 
remain in the peritoneal cavity very long. They are readily absorbed 
into the general circulation. It is recommended, therefore, that in the 
treatment of peritonitis the intraperitoneal therapy be supplemented by 
systemic therapy, in w'hich instance the antibiotic is administered by the 
intramuscular route. 

Oral Administration 

It IS mtciesting that streptomycin is not absorbed through the intestinal 
tract. Even when large amounts are administered by the oral route, none 
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of the material reaches the general circulation. Furthermore, the drug 
is not destroyed by passage through the intestinal tract. The first prop- 
erty, therefore, renders the antibiotic quite safe for oral administration, 
and no evidence of to.xicity will be experienced after its administration by 
this route. The second property ensuics its activity against susceptible 
pathogens while it is piescnt in the lumen of the gut. Ileimann ct al. (10), 
Pulaski and Amspuclier (11), and I^ie and Foley (12) have reported 
studies on the effect on the bacterial flora of the intestinal tract after oral 
administration of streptomycin. Sensitive microorganisms, as a rule, can 
be eliminated from the stool by the oral administration of streptomycin 
The stool will be free of these organisms as long as adequate doses of strepto- 
mycin are administered. The organisms, however, will piomptly reap- 
pear when administration of the drug is discontinued. In general, there 
are two very definite indications, therefore, for the oral use of streptomycin. 
One is in the preoperative preparation of patients who are to undergo 
surgical proceduies on the bowel. It is not necessary to administer strepto- 
mycin for more than 2 or 3 days before operation. The recommended 
dose is 0.5 to 1 gm every 0 liours by the oral route. The material may be 
satisfactorily administered in tomato juice or some similar liquid Ad- 
ministration can and should be continued for 5 to 7 days during the post- 
operative period. 

Oral administration of streptomycin has also at times proved of con- 
siderable value in the tieatment of certain complications which follow 
operative procedures on the bowel. For e.xample, ascending infection of 
the urinary tract after ureteral transplantation to the bowel may at times 
quickly be brought under control by giving daily 4 gm of streptomycin 
by the oral route. In fact, the author has seen severe systemic reactions 
subside promptly after this procedure when the sj’stemic use of strepto- 
mycin had not resulted in satisfactory control of such an infection. 

D IH YD ROSTRE PTOMYCIN 

Recently there has been considerable interest in dihydrostreptomycin 
(13-17). Not enough experience has accumulated at this writing to 
W’arrant any final statements concerning the value of this form of strepto- 
mycin. The chief interest in dihydrostreptomycin centers about the fact 
that the material appears to be considerably less toxic, especially to the 
eighth nerve, than regular streptomycin. It would appear that dihydro- 
streptomyem can bo administered longer and in somewhat larger doses 
than streptomycin without producing eighth nerve toxicity. The in- 
vestigator should remember, however, that if large doses are given and if 
the material is administered long enough, dihydrostreptomycin can produce 
this toxic effect. Furthermore, if the material is administered in the face 
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lin is <let)ired, the amount used is 0.5 gm of streptomycin and 100,000 units 
of penicillin in physiologic saline solution. 

lN*TR.\THOn.\CIC Aj>MIXISTR.iTION 

In the treatment of suppurative intrathoracic disease, such as empyema, 
it may be desirable at times to supplement s^'stemic fherap}' n'ith instilla- 
tions of streptomycin into the pleural space. For intrathoracic treatment 
the daily amount of streptomycin usually recommended varies between 
0.2 and 0.5 gm. The amount to be used should be dissolved in 40 to 50 ml 
of physiologic saline solution and instilled directly into the pleural space 
after thoracentesis. This procedure may be carried out once everj' 24 to 
48 hours. AYhen this procedure has been used in the treatment of empyema 
due to -1/. tuberculosis, rather sharp rises in temperature have been seen 
at times, and other untoward symptoms h.ave been e.\perienced (tuber- 
culin-like reaction) . 

I.VTJUPERITO.VKAL AD.MJ.VJSTJLVTJO.V 

Under certain circumstances it may be desirable to employ antibiotic 
therapy by means of the intraperitoneal route. Generally, the prevention 
and treatment of suppurative disease in the peritoneal cavity lends itself 
well to the introduction of 5 to 10 gm of sulfathiazole at the time of ab- 
dominal laparotomy. On the other liand, there is no contraindication to 
the introduction of streptomycin alone or streptomycin in combination 
with penicillin directly into the peritoneal space. The recommended 
amount of streptomycin for introduction into the peritoneal cavity is 1 gm. 
This may be administered in a solution or, as recommended by Zingaro 
(9), 1 gm of streptomycin powder may be spread about in the peritoneal 
cavity. Zingaro expressed the opinion that the intraperitoneal use of 
streptomycin proved effective in the control of spread of peritonitis m 
seven patients treated in liis ser\nce. 

When one wishes to use streptomycin in combination with penicillin, 
the recommended dose is 1,000,000 units of penicillin and 1 gm of strepto- 
mycin. In connection with the intraperitoneal use of antibiotic agents, 
the investigator should remember, however, that these agents do not 
remam in the peritoneal cavity very long. They are readily absorbed 
into the general circulation It is recommended, therefore, that in the 
treatment of pentonitis the intraperitoneal therapy be supplemented by 
systemic therapy, in which instance the antibiotic is administered by the 
intramuscular route. 

OlMI. ADXnNISTRATIOX 

It is interesting that streptomycin is not absorbed through the intestinal 
tract Even when large amounts are admmistered by the oral route, none 
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of the material reaches the general chculation. Furthermore, the drug 
is not destroyed by passage through the intestinal tract. The first prop- 
erty, therefore, renders the antibiotic quite safe for oral administration, 
and no evidence of toxicity will be experienced after its administration by 
this route. The second property ensures its activity against susceptible 
pathogens while it is present in the lumen of the gut. Reimann el al. (10), 
Pulaski and iVmspacher (11), and Kane and Foley (12) have reported 
studies on the elfect on the bacterial Horn of the intestinal tract after oral 
administration of streptomycin. Sensitive microorganisms, as a rule, can 
bo eliminated from the stool by the oral administration of streptomycin. 
The stool will be free of these organisms as long as adequate doses of strepto- 
mycin are administeied. The oi^anisms, however, will promptly reap- 
pear when administration of the drug is discontinued. In general, there 
are two veiy definite indications, therefore, for the oral use of streptomycin. 
One is in the preoperative preparation of patients who are to undergo 
surgical procedures on the bowel. It is not necessary to administer strepto- 
mycin for more than 2 or 3 days before operation. The recommended 
dose is 0.6 to 1 gm every G hours by the oral route. The material may bo 
satisfactorily administered in tomato juice or some similar liquid. Ad- 
ministration can and should be continued for 5 to 7 days during the post- 
operative period. 

Oral administration of streptomycin has also at times proved of con- 
siderable value in the treatment of certain complications which follow 
operative procedures on the bowel. For example, ascending infection of 
the urinaiy tract after ureteral transplantation to the bowel may at times 
quickly be brought under control by giving daily 4 gm of streptomycin 
by the oral route. In fact, the author has seen severe systemic reactions 
subside promptly after this procedure when the systemic use of strepto- 
mycin had not resulted in satisfactory control of such an infection. 

Dihydrostrcptomycin 

Recently there has been considerable inter^t in dihydrostreptomycin 
(13-17). Not enough e.\perience has accumulated at this writing to 
warrant any final statements concerning the value of this form of strepto- 
mycin. The chief interest in dihydrostreptomycin centers about the fact 
that the material appears to be considerably less toxic, especially to the 
eighth nerve, than regular stieptomycin. It would appear that dihydro- 
streptomyem can be administered longer and in somewhat larger doses 
than streptomycin -without producing eighth nerve toxicity. The in- 
vestigator should remember, however, that if large doses are given and if 
the material is administeied long enough, dihydrostreptomycin can produce 
this toxic effect. Furthermore, if the material is administered in the face 
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of severe impairment of renal function, high blood levels will be oblainecl 
and neurotoxic efTeets will bo experienced. In general, dihydrostrepto- 
mycin has about the same antibacterial activity as regular .streptomycin. 
Organisms that arc resistant to regular streptomycin aic resistant to 
dihydiostreptomycin, and organisms can develop resistance to both prepa- 
rations in about the same manner. The dosage and method of administra- 
tion are appioximately the same for both regular streptomycin and dihy- 
drostreptomyem. Tlie latter may be used locally, by the intramuscular 
route, by means of nebuliziUion, and by the oral route. It should be re- 
emphasized, however, as was pointed out earlier in this chapter, that the 
piesent available preparations of dihydrostreptomycin should not be 
administered by the intrathecal route. There is no contraindication, 
however, to the systemic administration of dihydrostreptomycm and the 
simultaneous use of regular streptomycin for intrathecal therapy. 
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Chapter 18 

STREPTOiNIYCIN IN THE TREATMENT OE 
TUBERCULOSIS IN MAN 


This attempt to place between the covers of a book the record of a drug 
dibcovered less than 5 years ago is a daring and unprecedented one. It 
suggests a ^^ealth of knowledge, established despite the haste of its gather- 
ing. It is particularly daring in the instance of tuberculosis, a disease so 
chronic in its habit that phthisiologists raiely do more than describe its 
victims as “apparently” cured, and so multiple in its manifestations that 
it required the discovery of the tubercle bacillus to unify its many forrns 
beneath a single name Because of these characteristics of tuberculosis, 
this chapter must be moie tentative than many in this book, and its 
authors wish to make clear that it is being written during November 1948. 
That it can be written at all is due to two things: the development, during 
the years following 1938, of techniques (1) for the investigation of chemo- 
therapeutic u capons in experimental animals, and the garnering of evidence 
on a — so to speak — mass production basis by clinical investigations in this 
country and abroad. One of these investigations has involved the coopera- 
tive efforts of sixty.hospitals and many times that number of physicians. 

The sequence of dates emphasizes the rapidity with which progress 
lias occurred. The isolation of streptomycin and the demonstration of its 
effectiveness against cultures of M. tuberculosis were announced in January 
1944, less than 5 years ago (2). Within a year, its effectiveness in the 
treatment of tuberculosis in laboratory animals had been demonstrated 
and reported (3, 4) and its use in the treatment of tubeiculous patients 
had begun. Within the second year, reports of its effect on the first series 
of patients were published (5, 6). Scarcely 3 years have intervened since 
this latter date, during one of which supplies of streptomycin were most 
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of severe impairment of renal function, high blood levels will be obtained 
and neurotoxic effects will be experienced- In general, dihydrostrepto* 
mycin has about tlic same antibacterial activity as regular streptorajein. 
Organisms that aic resistant to regular streptomycin are resistant to 
dihydrostrcptomj'cin, and organisms can develop resistance to both prepa- 
rations in about the same manner. The dosage and method of administra- 
tion are approximately the same for both regular streptomycin and dihy- 
drostreptomycin. The latter maj' be used locally, by the intramuscular 
route, by means of ncbulization, and b^' the oral route. It should be re- 
emphasized, however, as was pointed out earlier in this chapter, that the 
present available preparations of dihydrostreptomj'cin should not be 
administered by the intrathecal route- There is no contraindication, 
liowever. to the systemic administration of dihydrostreptomycin and the 
simultaneous use of regular streptomycin for intrathecal therapy. 
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ment have been provided by 05 years of history. The effectiveness of 
streptomycin under these ciicumstances is now generally agreed on by 
investigators in this country (6, 11, 12, 13), in England (14), and on the 
continent (15). To take figuies from a single series which combines the 
virtues of reasonable numbeis and rather long observ'ation (13): twenty- 
four of 100 patients with proved diagnoses were alive between 14 and 26 
months after treatment had been instituted. 

In the presence of meningitis, the immediate results of treatment may 
be dramatic. Patients who liave been lethargic or comatose, and febrile, 
may become rational and afebrile within a matter of days. Not that such 
marked improvement is always, or even commonly, the case. As the 
English have pointed out in their report (14) of an admirable investigation 
being conducted under the auspices of their Medical Research Council, 
the patients with relatively mild symptomatology respond better to treat- 
ment than do those whoso symptoms arc advanced at the time treatment 
is initiated. A considerable majority of patients show some degree of 
initial improvement. Subsequent to this, they may continue to improve 
or they may relapse. These relapses may occur either at any time during 
the period of therapy or many months after it has been discontinued and 
an apparent “cure” has been achieved. It is, presumably, these late recur- 
rences that account for the higher mortality rates (80 per cent) in the series 
which have been obser\'ed for relatively long periods (13) as compared 
with the lower mortality rates (40 per cent) of those series which have 
been observed for shorter periods (15). It seems probable that relapses 
and death are more frequently due to thrombosis of ceiebral vessels, or to 
internal hydrocephalus caused by the organization of exudate at the base of 
the brain, or to reinfection of the meninges from cerebral foci to which 
streptomycin does not have access, than to a loss of sensitivity by the 
tubercle bacilli to streptomycin (12, 14). Indeed, there is some reason 
to think that the loss of sensitivity to streptomycin occurs less often in 
tubcicle bacilli situated within the central nervous system than in those 
situated within the lung (14, 10), an observation which may be due to tlie 
apparent failure of streptomycin to penetrate to the site of focal intra- 
cerebral lesions fiom which the meningitis is derived (17). 

The prolongation of life produced by streptomycin even in the patients 
who do not survive — a complete success in demonstrating the bacterio- 
static effect of streptomycin althougli an incomplete one from the point of 
view of the patients — has resulted in introducing a new disease to medicine: 
chronic tuberculous meningitis, with a symptomatology and pathologj' 
quite its own. When clinical improvement occurs, it is paralleled by 
improvement of the pathologic clianges in the cerebrospinal fluid; but 
this improvement is more laggard, for, alUiough cultures commonly become 
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merger und restricted; and yet &uch extensive cooperative investigations 
have been conducted (7, 8, 9, 10) as to permit a single report (8) upon a 
.series of nearly 3,000 patients treated with streptomycin for all the types 
of tuberculosis to which flcah is heir. 

It will be observed that the steps in this study on streptomycin, rudely 
outlined above, have been logically and firmly taken; first, the laboratory' 
demonstration of its effectiveness in vitro; second, the experimental proof 
of its usefulness in animals; third, the tentative clinical investigation; 
and fourth, as each of tho preceding steps fulfilled its promise, the large- 
scale clinical studies which alone could produce adequate evidence in. a 
disease of this nature. Tliis is a satisfying sequence to the scientific mind 
but it is w’orth remark, since the point was once more proved in this 
stance, that it by no means 


I j wiuaa, una at least a few in the field of tuberculosis, 

iiave been cffoctivo against disease in animals but impractical to use against 
tho same disease in man. In the present instance tho analogy from labora- 
tory to animal to man happened to hold, but it was only m the clinic, the 
unavoidable final testing ground, that investigators learned of the true 
limitation and dangers which attend the use of streptomycin. 

Although tuberculosis is identified by a common pathology and a com- 
mon etiology, it represents such a dictionary of disease, as its symptom- 
lUology and course are modified by the tissue in which it exists, that it 
^eem8 necessary to discuss eacli type separately. There is no particular or 
logical order in w’hich these types need be considered, but it seems reason- 
able to select meningeal ami miliary tuberculosis for first consideration, 
since it was here that the fundamental question at issue — the usefulness 
of streptomycin — has been most unequivocally demonstrated. 


jMeninge^l and Acute Miliabv Tuberculosis 
These two types of tuberculosis have always involved, since their first 
recognition, a moitahty rate so close to 100 per cent' that their diagnosis 
has been legarded as suspect if the patient sur\ived. Moreover, and this 
is pal ticularly true of meningitis, the time between onset of disease and 
death is measureil in weeks. These types theicfore pro\’ided an ideal 
testing ground for stieptomycm therapy, although a most sevcie one- 
The contrast between life and death is a ciiteiion of effectiveness which 
must satisfy the most rigid statistician and, by this criteiion, stieptomycm 
has proved itself. Should but two or three of 100 patients suivive, the 
ability of streptomycin to suppress or destroy the tubercle bacillus would 
liavc been demonstrated beyond reproach. The controls for tlus state- 
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ment have been provided by 65 years of Iiistory. The effectiveness of 
streptomycin under these circumstances is now generally agreed on by 
investigators in this country (6, 11, 12, 13), in England (14), and on the 
continent (15). To take figures from a single series which combines the 
virtues of reasonable numbers and ratlier long observation (13): twenty- 
four of 100 patients with pioved diagnoses were alive between 14 and 26 
months after treatment had been instituted. 

In the presence of meningitis, the immediate results of treatment may 
be dramatic. Patients who have been lethargic or comatose, and febrile, 
may become rational and afebrile within a matter of days. Not that such 
marked improvement is always, or even commonly, the case. As the 
English have pointed out in their repoit (14) of an admirable investigation 
being conducted under the auspices of their Medical Research Council, 
the patients with relatively mild s^Tuptomatology respond better to treat- 
ment than do those whose symptoms are advanced at the time treatment 
is initiated. A considerable majority of patients show some degree of 
initial improvement. Subsequent to this, they may continue to improve 
or they may relapse. These relapses may occur either at any time during 
the period of therapy or many months after it has been discontinued and 
an apparent “cure” has been achieved. It is, presumably, these late recur- 
lences that account for the higher mortality rates (80 per cent) in the series 
which have been observed for relatively long periods (13) as compared 
with the lower mortality rates (40 per cent) of those series which have 
been observed for shorter periods (15). It seems probable that relapses 
and death are more frequently due to thrombosis of cerebral vessels, or to 
internal hydrocephalus caused by the organization of exudate at the base of 
the brain, or to reinfection of tlie meninges from cerebral foci to which 
streptomycin does not have access, than to a loss of sensitivity by the 
tubercle bacilli to stieptomycin (12, 14). Indeed, there is some reason 
to think that the loss of sensitivity to streptomycin occurs less often in 
tubeicle bacilli situated within the central nervous system than in those 
situated within the lung (14, 16), an observation which may be due to the 
apparent failure of streptomycin to penetrate to the site of focal intia- 
cerebral lesions from which the meningitis is derived (17). 

The prolongation of life produced by streptomycin oven in the patients 
who do not survive — a complete success in demonstrating the bacterio- 
static effect of streptomycin although an incomplete one from the point of 
view of the patients — has resulted in introducing a new disease to medicine: 
chronic tuberculous meningitis, with a symptomatology and pathology 
quite its oivn. When clinical improvement occurs, it is paralleled by 
improvement of the pathologic changes in the cerebrospinal fluid; but 
this improvement is more laggard, for, although cultures commonly become 
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negative for tubercle bacilli within 2 to 3 weeks, abnormally high cell 
counts and protein concentration's continue to be observed. It is quite 
possib'o that thc»e ijcrai&ting observations uie due in part to the irritant 
action of intratliecall}’ iniectod streptomi’cin as well as to persistent in- 
fection. Residual neurologic stigmata, presumably as permanent as Ufe 
itbclf, arc also obser\’ed m some patients. They were a feature of the 
first case to be leported in the literature (18); they nere present m three 
oT the nine surviv’ors in one series (13), in three of eleven in another (II), 
and in fifteen of thirty-three in still anotlier (16); they are presumably a 
function of the destructive nature of tuberculous disease. 


Tlie outcome of acute miliary tulxjrculosis, when it is unaccompanied 
by meningeal disease .and treated nith streptomycin early in its course, is 
more generally favorable tkan is that of meningitis. The same clinical 
improvement occut^ with the same promptness and, within 4 to 8 ueeks, 
the pulmonary lesions, uhich may provide the onl^' visible evidence of the 
disease, begin to disappear. If one starts with the assumption that 
streptomycin has some effectiveness, this clearing of the pulmonaiy' roent- 
genogram IS scarcely a subject for surprise, for it is precisely this sort of 
small, disciete, and new lesion which clears in experimentally infected 
guinea pigs and uhich one would anticipate being favorably affected la 
man. Although pree.\Uting chronic focal lesions may be unaffected, the 
miliary seeding may become progressively less visible roentgenographicaUy 
until it can no longer be seen, rathologic confirmation of this healing 
has been demonstrated at necropsy (17), when small fibrotic scars may be 
found, altliough, elsewhere m the lung and in other organs, tubercles may 
be present and caseating. In one series 1(13) and table 31), tuelve of 
nineteen patients (63 per cent) proceeded to recovery and uere alhe H 
to 26 months after treatment was instituted. In another scries of cases 
(10), thirty of thirty-eight patients (79 per cent) were alive after the com- 
pletion of therapy. It should be stated at once (see below) that these 
very hopeful figures obtain only when meningitis does not accompany' or 
follow the miliary disease. 

When miiiary tuberculosis is sufficiently widespread to include overt 


meningeal involvement at the time treatment is started, the prognosis is 
lamentable; twenty-three of twenty-five patients in one scries ((13) and 
table 31) are dead, as are eighteen in another series of twenty-five (16) 
which have been observed for a briefer penod. Even if the meninges 
are not obviously involved at the time treatment is begun, they may sub- 
sequently become so, and this development makes the prognosis much 
more serious. This sequence of events, miliary disease followed by a 
tardy meningitis which may develop during apparently effective strepto- 
mycin therapy or many months after its completion, had not been seen 
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Drier to the u&e of streptomycin, for the very good reason that patients 
iid not live long enough to develop it- The appearance of meningitis 
inder these circumstances provides some supporting evidence for the belief 
that its pathogenesis involves an extension of infection from a focus of 
luberculosis in the substance of the brain or spinal cord (19). It becomes 
Df the utmost importance that the appearance of this complication be 
recognized at the earliest possible moment in order that treatment be 
started promptly; and, heietical as the suggestion would have appeared 
some years ago, it may well be sound practice to perform diagnostic spinal 
taps at regular intervals in the absence of meningeal signs and symptoms. 
It IS by no means an infrequent complication, and materially affects the 

TABLE 31 


Results of treatment of acute miliary and meningeal tuberculosis 




tlVlNC* 


DEAD 


mz OF DISEASE 

PATIENTS 

Total 

1 

Alter start of treatment 


i 

Total 

1 

1 d-6 

1 mo 

>6 

Acute miliary 

10 

12 

; 7 1 

3 

2 

2t 

Meningeal 

43 

0 

34 ’ 

16 ' 

1 “ 

71 

Miliary and meningeal 

23 

2 

23 

14 

6 

3 

Meningeal developing during or 
after treatment for milunry 

13 

1 

12 

3 

1 ^ 

3 

Total 

100 

24 

76 

36 

23 

17 


• All patients still living 14 to 26 months after start of treatment 
t One patient in this group lost to observation but is ptesumed to have died, 
t No tuberculosis of central nervous S 3 'stcm in 2 


favorable prognosis which was assigned to miliary tuberculosis in the 
preceding paragraph, of the two senes mentioned there, one [(13) and table 
311 originally contained thirteen additional cases in which meningitis 
subsequently developed and twelve of Avhom died to a man; the other con- 
tained thirty-one cases with twenty-six dcatl^. 

We have been concerning ourselves lai^ely with the prognosis of men- 
ingeal and miliary tuberculosis under streptomycin therapy. The situa- 
tion can be roughly summarized in three sentences: 1. Appro.ximately 
50 per cent of patients developing meningitis have a life expectancy of at 
least 0 to 12 months, but these patients are not necessarily cured, and 
relapses occur with sufficient frequency that, after 2 years, the survivors 
are not likely to exceed one in five. 2. On the other hand, with the single 
and important proviso that meningitis does not develop, three in five or 
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even four in five patients who have miliaiy tuberculosis may be expected 
to recover. 3. Combined miliary and meningeal disease, developing 
either simultaneously or in sequence, still bears an ultimate prognosis 
little better than that of preUreptomycin days; the patients’ lives may be — 
usually are— prolonged, but the chances of survival for 2 years nouM 
appear to bo nearly negligible (13). 

If one recalls that we are discussing a disease which has been constantly 
and rapidly fatal, these statements record a remarkable achievement, 
suiBcient, certainly, to make the use of streptomycin, not only mandatory, 
but mandatoiy at the earliest possible moment. Laboratory confinnation 
of the diagtiosis should not be waited upon even if the cases become useless 
for further statistical purposes thereby. The results, how'ever, are suffi- 
ciently short of perfection that one wonders if tlic weapon, clearly a sharp 
one, is being imperfectly used. 

It has been customary, in tliis country', to employ the intrathecal as 
well as the intramuscular route for administration of streptomycin in the 
presence of meningitis. Tin's was done on the same theoretical grounds 
that dictate the intrathecal use of penicillm, .‘?inco appreciable concentra- 
tions of streptomycin do not pass through the normal choroid ple.^ into 
the cerebrospinal fluid. Tuberculous meningitis, too, has been seen to 
appear and progress in patients receiving maximal tolerated doses of 
streptomycin by the intramuscular route, and to recede when intrathecal 
treatment w’as added without the introduction of any other therapeutic 
factor. There is also the observation, made in the earliest series to be 
reported (11), that four of nine patients who received intrathecal medica- 
tion survived, whereas the five who did not receive it died. This obseia’a- 
tJon has been home out in a controlled study upon lOfl patients by EngliJi 
investigators (14) who found that 35 per cent of those who received com- 
bined therapy and but 11 per cent of tho^ who received intramuscular 
therapy alone were in "good" condition. The intrathecal injection of 
streptomycin (0.1 gm) produces high peaks of concentration (750 to 2,000 
pg/ml) ui cerebrospinal fluid for several hours after the injection, which 
might seem to be desirable, and the drug diffuses readily into the cifttemal 
and ventricular fluids (14). For the.‘!e several reasons, combined therapy 
has seemed almost mandafo/y to observers in this country 17, 8, 9, 11> 12). 
The Frencli investigators (15) appear to be di\'ided in their opinion on thi» 
matter, some advocating it and others opposing it with equal feeling. 

There are two points which might be made against combined therapy* 
In the first place, admittedly, m the presence of tuberculous meningitis, 
appreciable quantities of streptomycin pass the blood-fluid barrier am 
concentrations of 2 to 10 ^g/ml may bo found in cerebrospinal fluid (H, 
16). It has been said (14, 16) that these concentrations increase as the 
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meningeal procebs becomes more acute and decrease as it subsides; and in 
application of this point it has ev'cn been advocated that an increase of 
streptomycin concentration in cerebrospinal fluid be used as an indication 
of relapse and for the resumption of intrathecal therapy. In the second 
place, admittedly, streptomycin is an irritant substance and its intrathecal 
injection can produce a considerable reaction. The degree of reaction 
appears to be correlated with the irritant properties of the solution, as 
indicated by the pain and induration which result from intramuscular 
injection, and to vary with the purity of the product. In the early days 
of one cooperative study (7, 8) when daily injections of 0.1 or 0.2 gm, or 
even more, were being made, the occurrence of root pain was common and 
at least four cases of temporary paraplegia were recorded. These incidents 
have been almost obviated by reducing the intrathecal dosage to 0.05 gm 
and the frequency of administration to alternate days, but it seems clear 
that even these dosages are partly responsible for the pleocytosis and in- 
creased protein concentration which cerebrospinal fluid displays during 
intrathecal therapy. In view of the evidence presented by the English 
investigators (14), it does not seem reasonable to hold mtrathecally ad- 
ministered streptomycin responsible for the development of spinal block. 
Because of the desperate plight of patients with tuberculous meningitis, it 
>\ouId seem advisable to continue employing the intrathecal route until 
convincing evidence against its usefulness is adduced. 

So far as the intramuscular dosage of streptomycin and the duration of 
its use in adults arc concerned, it has been usual in this country to advocate 
a daily intramuscular dose of 2.0 to 3.0 gm for 120 to 180 days in both 
meningeal and miliary disease (7, 11, 12). Even larger doses have been 
used. The rationale of such intensive and long-continued therapy is the 
obvious one that the presence of a life-threatening disease out^\eighs any 
dangers attendant on toxicity. Insufficient evidence has been obtained 
by American investigators to demonstrate the superiority — or inferiority — 
of any one intramuscular regimen over another. The English investigators 
(14) used a variety of regimens, too many on too small a group to permit 
their drawing any conclusions in this regard; but they obtained some evi- 
dence, ^vhich they regard only as suggestive, that an interrupted course of 
therapy is superior to an uninterrupted course. Although the logic of such 
a course is not clear, it is interesting to note that the same idea is prevalent 
on the continent (20). 

Various ideas have been expressed concerning the dose and duration of 
intrathecal therapy which should be used in the presence of meningitis in 
adults, but, again, there is insufficient evidence to permit a conclusion as 
to which is best. It is fairly well agreed that the individual injection should 
not exceed 0.05 gm and that three doses a week are adequate. Some 
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investigators (21) have recommended that intrathecal administration be 
continued throughout the intramuscular regimen, others (11) that it be 
stopped after G weeks; the French (15) seem inclined to stop after a series 
of six to eight injections or to omit it altogether, and the English (U) 
appear rather to favor interrupted courses. 

It is, of course, altogether obscure why some patients with meningeal 
or miliary tuberculosis or both should recover and otliers, with an ap- 
paicntly similar infection and identical treatment, should not recover. 
Actually the physician treating such a patient can obtain only a vague 
conception of the pathologic conditions which are present. One can talk 
in teims of intensity of infection and native resistance to infection if one 
obtains any satisfaction from doing so. On the w hole, it appears unlikely 
at this moment that the smwival rate can be greatly increased by further 
juggling w ith the streptomycin regimen, and something new w ould sccm to 
be clearly indicated. There aic only two pieces of evidence to suggest 
what this might be; a demonstration that the simultaneous administra- 
tion of one of the diaminodiphenysulfones (promin) and streptomycin is 
more effective in experimental tul>erculo5is in guinea pigs tlian is stiepto- 
mycm alone (22); and the clinical clemonstration— still incomplete— that 
another of the sulfones (piomizole) and streptomycin produce impresswe 
results in tuberculous meningitis in childicn (24).^ The first of tlie-'C 
leads has had some clinical investigation with results which are thus far 
conflicting. There is a favorable leport in the Italian literature (23), but 
experience in this country has been discouraging (IC): thirty-eight of 
SLxty-one patients (62 per cent) with meningeal or miliary tuberculosis or 
both who received streptomycin and intravenously administered proniui 
died within 12 months after the institution of treatment; thirteen of the 
twenty-three survivors had miliary tuberculo-is without meningitis and 
might therefore have been expected to do well with streptomycin alone. 

Many other leads deseiwe exploration: the u^e of interrupted legimen?, 
the corabmation of streptomycin with other bacteriostatic drugs of the 
sulfone senes and para-aminosalicyhc acid, and the substitution for strepto- 
mycin of its less toxic reduction product, dihydrostreptomycm, so tlut 
larger doses can be safely admmistered Indeed, man}' of these po&sibihties 
are already under mvestigation But unless some one of them yields an 
unexpectedly dramatic result, it appears, unlikely that any considerable 
further ad\ance will soon be made m this country Large numbers o 
cases are required to weigh these «c\oral alternatives, and large numbers 
arc not available here In Fiance, on the other liand, Glo cases woul 

1 .Vs of December 1 , l^S, eight of ten cluldren with proved tuberculous meningitis 
are ali%e 10 to 20 months after the commencement of combined therapy withstrepio 
mjcinand promizole 
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appear to have been accumulated in a single year (15). A well-organized 
and well-controlled study in that or some similarly unfortunate country 
would appear to be the best thing tlrat could happen to the meningitis- 
miliary problem. In attempting to peer into the future it is sobering to 
recall that pneumococcal meningitis continues to exact a high mortality 
rate among its victims despite our possession of several nearly ideal anti- 
bacterial agents and effective specific scrum therapy against the causative 
organism. 

Pulmonary Tuberculosis 

Tuberculosis assumes many forms, and pulmonary tuberculosis is the 
captain of them all — ^both in its incidence and in the number of lives it 
terminates. Although the mortality rate of tuberculosis has been reduced 
five-fold in this country since 1900, 52,000 deaths were ascribed to it in 1945, 
when streptomycin was first used, and 92 per cent of these were due to 
pulmonary disease (25). The situation is relatively much worse than this 
in many European and Asiatic countries, particularly since the recent war. 
In a country as small as Jugoslavia, for example, there are said to be as 
many deaths a year from tuberculosis as in the United States (26). These 
statements of emphasis are perhaps unnecessary for the reader; they are 
provided merely to indicate how important it seemed in 1945 and 1946 that 
an accurate evoluation of the effects of streptomycin be obtained as rapidly 
as possible. Too many remedies have already been introduced too carelessly 
and too uselessly into the therapy of tuberculosis. Tho prolongation of 
life in patients with meningeal and miliary tuberculosis was ample evidence 
that the drug had some effect on the tubercle bacillus in vivo. The next 
question that arose was the magnitude of this effect: would it cure tuber- 
culosis in the sense of killing tubercle bacilli, or would it merely suppress 
their growth for a time, and, in either event, in what types of disease could 
this effect be produced? If the answer were sterilization, well and good, 
the millennium was at hand; but if it were bacteriostasis, the further, 
difficult question would arise of how streptomycin should be best inte- 
grated with other forms of therapy. 

So far as pulmonary tuberculous is c<mccmed, because of the chronic 
nature of the disease, it uill of course be a matter of years before the 
effectiveness of streptomycin can be evaluated by tho final criterion of 
its effect on the mortality rate. But in the relatively short period since 
its introduction, there is already substantial agreement among investigators 
(7, 8, 9, 10, 11, 27) as to the immediate results which may be expected from 
its use, and the manner in which it should be employed. 

This agreement emerges from four sources in the United States, two of 
them individual clinics (11, 27), two of them large scale cooperative studies 
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investigators (21) have recommended that intrathecal administration be 
continued throughout the intramuscular regimen, others (II) that it be 
stopped after C weelts; the French (15) seem inclined to stop after a senes 
of six to eight injections or to omit it altogether, and tlie English (U) 
appear rather to favor interrupted courses. 

It is, of course, altogether obscure why some patients with meningeal 
or miliary tuberculosis or both should recover and others, with an ap- 
parently similar infection and identical treatment, should not rcco\er. 
Actually the physician treating such a patient can obtain only a vague 
conception of the pathologic conditions which are present. One can talk 
in terms of intensitj' of infection and native resistance to infection if one 
obtains any satisfaction from doing so. On the w hole, it appears unlikelj 
at this moment that the surx’ival rate can be greatly increased by further 
juggling with the sticptomycin regimen, and something new would seem to 
be clearlj' indicated. Thcie aic only two pieces of evidence to suggest 
what this might be: a demonstration that the simultaneous administra- 
tion of one of the diaminodiphenysuifoncs (promin) and streptomycin b 
more cffectivo in experimental tulicrculosis in guinea pigs than is strepto- 
mycin ulonc (22), and the clinical demon&tiation — still incomplete— that 
another of the sulfones (piomizolc) and streptomycin produce imprc&suo 
results in tuberculous meningitis in childicn (2-1).* The first of 
leads has had some clinical investigation with results which are thus far 
conflicting. There is a favorable report in the Italian literature (23), but 
e.\perience m this country has been discouraging (16): thirty-eight of 
sixty-one patients (62 per cent) with meningeal or miliary tuberculosis or 
both who leceivcd streptomycin and intravenously administered promin 
died within 12 months after the institution of treatment, thirteen of the 
twenty-thice survivors hud miliary tuberculosis without meningitis and 
might therefore have been expected to do well with stieptomycm alone. 

Many other leads deseiwc exploration: the use of interrupted regimens, 
the combination of streptomycin with other bacteriostatic drugs of the 
sulfone scries and para-ammosalicylic acid, and the substitution for strepto- 
mycin of its less toxic reduction product, dihydrostieplomycin, so that 
larger doses can be safely ndministeied. Indeed, many of these pos^lbllitlCs 
are already under mvestigation Hut unless some one of them j'ields an 
unexpectedly dramatic result, it appears unlikely that any considerable 
further advance will soon be made m this countrj’ Large numbers ol 
cases are required to weigh these several alternatives, and large numbers 
are not available here In France, on the other hand, 615 cases wouh 

I Qf December 1, 194S, eight of ten children with proved tuberculous meningit^ 
are alive 10 to 20 months after the commeneement of combined therapy witbstrcpto- 
m>ciii and promizole 
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btreptomycin unle?si udministiution of the drug be combined with collapse 
tlierapy or surgical lesoction. 


TAlibE 32 


Chnnget occurring in 1,009 patients haeiiig pulmonanj tuheiculosis healed uilh 
streptoiiiijcin by/oio dijfeieiil legitncns 


Uegimeiis cniiihne<l . | 

1 

2 0 gm 

120 da\s 

2.0 gm 

60 d.v>s* 

3 

1 0 gm 1 
120 da\s 

4 

0 5 gm 

120 da>s 

Ihitieiitb 

.375 

114 

398 ' 

122 

0|ISLR\AtlOSS 8V IV\'ESTlCATOBS 


INCUie'>£B I 

V fEM 


Itocnlgcnogr.'iphic, before 
ticatment: 





Piogrcsswo 

C5 4 

77 4 

70 8 1 

78 7 

Stationary 

1 20 3 

1 21 4 

19 0 

19.7 

Hegressive 

5.3 

1 2 

1 3 6 

1 7 

Hnentgcnographic, at end of 
treatment' 



1 


M.irkcdly aorse 

0 S 

1 3 

3 3 

1.6 

Moderately \\or.se 

2 1 

7 6 

1 3 3 

0.0 

Slightly wor.se 

2.9 

5.1 

Li 

4 9 

Unc]i.uigc(l 

— 5 3 

12.0 

-14 0 

7 6 

— 8 4 
11 5 

-13 1 

Slightly iinpiovod 

—12 0 
16 0 1 

— 7 G 

25 0 

—11 5 

10 3 

— 0 6 

23 0 

.Moder.itcly inipiovcd 

30 4 

22 8 

28 3 

33.0 

.Matkcdlv improved 

34 8 

22.8 

35 3 

23 0 

Cuiillictnig or unco tain 

-81.2 

I 0 

—76 6 

3 8 

—79 9 

0 2 

—79 0 

0 7 

Hocntgenogr.ipbic i elapses 





during treatment 

6.9 

(f 1 

9 5 1 

17.2 

Clinical changes during tre.Tt- 
ment 





Wt gain > 10 lb 

42 0 

— 

44 9 

41 1 

Sputum decrease 

70 0 

61.4 

74.1 

57.1 

Temperature to iioimal 

57 9 

52 2 

C3.C 

51 4 

Sputum conversion 

40.6 

44 6 

35.1 

- 


* Changes recorded 120 d.»>s after starting slreplomycin. 


The rocntgcnographic eliunges summarized in tabic 32 (10, 31) then, are 
thobC which occurred in lesions of which the exudative components were the 
primarj' object of treatment. The table lists 1,009 patients treated by 
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iuvolvinj' i>cveii (10) and sixty (8) hospitals. To the individual clinics 
belong the advantage of personal ol)^e^vation and the disadvantage of 
small numbers; to the cooperative studies belong the advantage of large 
numbers and the disadvantage of data collected by questionnaire from many 
physicians. In no one of lliese four studies were controls used, in the 
sense of alternate treated and untreatctl patients, and the question arkcs 
as to }io»v mueJj credence can be placc<l on their results in a disease so 
notoriously unpredictable as tuberculosis. Apropos of this point, two 
provi&iouh of the protocols which governed the larger cooperative study 
(8), {luring the time when the value of .streptomycin was still veiy much 
sub jiidicc, should be mentionoil: (a) all patients were to be obseiwed for 
at least GO daj's piior to tlicrapy ami were not acceptable for treatment if 
they showed radiologic impiovcment during that time; (b) the pretreat- 
ment regimen was to be continued unchanged and no new element — other 
than sttoptomycin— was to 1)C introduced during tlierapy or for 4 months 
thereafter. Thus, it may bo uigued, each patient served as his own control 
in the sense that the course of his disease during and after treatment could 
be compaied with Us course befoie tieatment; a reversal in this course— 
for example, from piogiossive or stationaty to rcgicssive — could therefore 
be properly’ attributed to sfieptomj'cm. It is, however, good to know that 
two Studies which employ the treatod-untreated control method have been 
undei taken lecently (28, 29) and that their immediate results conform with 
those of the investigations under discussion; one (28) of tlie two has been 
published and confirms the belief that the less exacting studies of American 
investigators w ere mtenireted correctly, .\lthough the British study lacks 
the pretieatment observation period of its .\merican counterpart (7), it is m 
many respects a model clinical investigation. 

It Is rather too much to e,\pect that any chemotherapeutic agent can 
replace caseous nmtcnal or fibrous tissue with alveoli. On that account 
and, even more, because experience wilh the first series of patients indicated 
it to be true (5, G), mvestigatois have eschewed the long-stand:ng fibro- 
cavernous type of disease and have selected for therapy those patients w ho, 
on the basis of rociitgenographic observations, were believed to have a 
definite component of relatively lecent, nondestructive, so-called c.xudati\e, 
disease. This decision has pioved to be a wise one, the most favorable 
re.^ponsos ha\e been obtained in leccnt extension of disease, whether small 
or sufficiently laige to be dcscnlied as pneumonic, although, in this latter 
instance, if good icsults aie to be antieipatcd, tieatment must be begun 
befoie extensive caseation de\elops. Chionic disseminated nodular pul- 
monary tubeiculosis has lecently been dcMTibed as lespondiiig extremely 
w ell to streptomycin (30) .V sufficient number of cases w itli mixed disease 
have been observctl to permit the general statement that the roentgeno- 
. -e ... ,.r,t •ifTpfitOcI !>>' 
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patients in columns 1 and 2 of table 32 had been observed between 1 and 2 
years after completion of therapy; the remainder had been observed less 
than 1 year. The patients in columns 3 and 4 liave been observed a 
shorter time, lialf of them between 6 and 12 months, half of them less than 
6 months after the completion of therapy. Sputum conversion, inter- 
preted as negative cultures for at least 3 successive months without re- 
conversion to positive, has occurred in only 35 to 45 per cent of cases, and 
an unknown number of these conversions may have been due to the 
introduction of collapse therapy in the posttreatment period. The inci- 
dence of relapses, occurring after the completion of therapy, has been 35 
and 31 per cent, respectively, in the two series of patients (columns 1 and 
2, table 32) who have been observed longest. Ninety-eight of the patients 
who relapsed have been retreated, with resulting improvement in forty. 
It seems probable that many of these lelapses might have been prevented if 
collapse therapy or excision had been carried out at the ideal time. 

The persistence of positive cultures in nearly half the cases and the oc- 
currence of relapses in nearly a third makes it patent that, in spite of the 
rather constant roentgenographic and clinical improvement which is ob- 
served, streptomycin has a bacteriostatic effect on tubercle bacilli and does 
not destroy them. Indeed, this was implicit in the original experimental 
work, when a majority of the spleens in treated guinea pigs were found to 
contain viable bacilli (3, 4). It is, of course, equally the case with other 
modern antibacterial agents such as pencillin and sulfonamides. 

Admittedly, there are occasional instances in which streptomycin — in 
conjunction with bed rest, without which it should rarely if ever be em 
ployed — may produce sputum conversion and complete roentgenographic 
clearing, and may therefore be regaidcd as definitive therapy for pulmonary 
tuberculosis. But in the vast majority of cases streptomycin must be re- 
garded as adjuvant to some form of collapse tlierapy or more radical surgi- 
cal procedure- The chief role which seems to be emerging for streptomy- 
cin is to make such surgical therapy possible sooner than would otherwise 
be the case, or to make it possible when it would othenvise have been im- 
possible. The problem has become one of proper timing. Most authori- 
ties agree that when streptomycin is to be used, it is advisable to administer 
It until sufficient improvement has been obtained to permit whatever type 
of collapse or surgical excision appeals to be appropriate at the moment, and 
to carry out such surgery as soon as it can safely be performed. This 
follows from the present belief that there is a time limit beyond which, 
usually, streptomycin can not be effectively employed. .Uter about 30 
days of streptomycin treatment, and continuing until about 120 daj's of 
treatment, an increasing percentage of cultures arc isolated in which many 
of the bacilli are resistant to concentrations of streptomycin ivhich, before 
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four different regimens. It vriU be observed that, whereas only 1 to 5 per 
cent were adjudged to be improving prior to therapy, 77 to 81 per cent im- 
proved during therapy and, contrariwise, whereas 65 to 79 per cent were 
becoming worse prior to therapy, only 6 to 14 per cent became so during 
therapy ; here is the sharp reversal of trend on which this group of investi- 
gators based their conclusion that streptomycin can favorabely affect the 
course of pulmonary tuberculosis. Wlien improvement occurs, it may be 
obvious on the SO-day roentgenogram but is rarely considerable before the 
roentgenogram taken 60 days after the beginning of treatment. Some of 
these obser\’ations of roentgenographic change by the obser\'ers have been 
subjected to a review by an unprejudiced jury of experts which confirmed 
their judgment. In table 32, the observ'ed roentgenographic changes are 
graded in three categories: slight, moderate, and marked. It will be ob- 
served that the degree of improvement was more often recorded as slight 
or moderate than as marked and that marked improvement was not obsen'ed 
in more than 35 per cent of patients treated under any of the four regimens. 
The degree of improvemcntwasstartlinglysimilar in the series treated with 
2.0 gm. and 1.0 gm. daily for 120 days (columns 1 and 3). It was some- 
what less in those treated for shorter periods and with a lower dosage 
(columns 2 and 4), although the incidence of improvement was not affected 
by these changes. 

The effect of treatment on cavities, e.xccpt those associated with endo- 
bronchial <hsease, has been both various and unpredictable. Frequently* 
cavities which were recorded as closed or lost to \iew at one stage in therapy 
would reappear later in its course or after its completion. No constant, 
satisfactory result can be counted on unless concurrent or subsequent 
collapse therapy be added, and it is becoming increasingly clear that these 
destructive t 3 q)es of tuberculosis require collapse or excision more frequently 
than not. 

Clinical improvement occurs more constantly and more promptly than 
does roentgenographic improvement, usually becoming obrious within the 
first 2 weeks of therapy. It may occur, temporarily at least, even in 
patients who fail to show roentgenographic improvement. Some of the 
more important changes are recorded m table 32; a decrease in cough and an 
mcrease in sense of well-being were encountered with such constancy that 
data on them are not recorded. 

Two other matters should be commented on before it will be possible to 
assign, even in general terms, a role for streptomycin in the treatment of 
puhnonarj’ tuberculosb; those concerned with the conversion of sputum 
or gastric contents from positive to negative, and those dealing with 
lapses. The vahdity of statistics on both points depends wholly upon the 
length of time over which the patients have been obser\'ed. Half of the 
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The closely intei twined subjects of dosage and toxicity arc the final 
matters which require comment m this section. The latter of the two is 
treated in detail in another chapter, but it can scarcely be divorced from the 
present story. Just as the preliminary animal experiments were not de- 
signed to inform in the matter of resistance, so they could not be expected 
to inform of toxicity for man. The most important toxic manifestation 
was not even revealed by the clinical study w'hich, duiing the spring and 
summer of 194G, so capably investigated the effects of sticptomycin on 
acute nontuberculous disease (34), because the drug was given for such shoi t 
periods. As soon as long-term treatment of tuberculosis was undertaken 
clinically, however, new and unique toxic icsults appeijicd (5, 6). An in- 
vestigation into the toxic effects of a <laily intramuscular dose of 3 0 gm 
continued for 120 days was initiated m the spiing of 19-lG (35), and the 
majoiity of investigatoi's who began woik after that time used, at the l>c- 
ginning, a daily dose of 2 0 gm. By the spring of 1947, as table SO (7, 8) 
will indicate, it became clear that the vestibular appaiatus was being 
damaged in a very high percentage of patients leceiving this dosage. This 
complication had already been descrilicd (5, 30), but its severity and fre- 
quency had not been fully recognized. Accordingly, the very obvious 
expedients of exploring the effects of shorter periods of ticatment, lowci 
dosages, andlessfrequcntinjectionswcrcadoptcd. The i e&nUs may bo seen 
in table 75 (7, 8). They show a consistent dccieaso in important toxic 
manifestations with dccicasing dosage, which, though not surprising, was 
highly giatifying. There then arose, as it always must, the question 
whether a corresponding decrease in thcmpcutic efficacy accompanied this 
decicase m dosage. In the opinion of onegioup of investigators (8, 31, 48) 
the therapeutic effects of 1.0 gm appealed iiidistmgui&hablo from those of 
2 0 gm m many clinical conditions and, although a second gioup (10) 
were inclined to think that some thenipciitic advantages attached to the 
larger amount, theie was complete agicemont that the concomitant re- 
duction in toxicity made the smaller dosage pieferable. Fuither reduction 
of the daily dose to 0.o gm icsultcd in a icgimen which was, to all intents 
and pin poses, free of toxicity and which ccitainly retained some therapeutic 
elTectiveness, especially in the moic icpoiisivc types of tubciculous disease 
Whether any therapeutic efficacy was lost by this further reduction in do.^- 
age and, if so, whether the loss was compcnsate<I by the further icduction in 
toxicity, must icmain sub judicc at picsent. Alternate patients having 
pulmonary tuberculosis liavc been under ticatment with 1.0 and 0 5 gm 
daily since Apiil 1948 (IG). One intcicsting conclusion which has emeigcil 
fiom the study is that a daily dose given in two injections is <iuite as 
cllcctivc as one divided into fi\e injectioiib; this is lathcr smprising m view 
of the cunent emphasis on constant blood levels but confirms expcnmcnUil 
evidence which led to its investigation (37). Single daily inject ions are now 
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tieatment, a\oijUI easily liave inhibitwl their growth. This phenomenon is 
(lcscnl)cd in detail in other chapters of this book but its complete elucida- 
tion may be doubted. Neither its patKogenesis nor its significance is yet 
clear. There arc two quite ihfferent mechanisms which may' underlie it: 
the development of ic&istant strains during treatment and as a result of it, 
or the multiplication of strains that are already lesistant prior to treat- 
ment. If tlie foimer he true, shorter ireriods of therapy might a\oiil 
icsistance; if the latter be true, some additional chemotlicrapeutic agent to 
wliich these strains arc susceptible would appearto be necessary'. Itssignif- 
icance is thought to be that it makca further streptomycin therapy u^eIe^s 
(w Inch is indeed tlie ca'^e w ith guinea pigs into w hich resistant cultures are 
injected (32, 52)] or, though of this the evidence is too frail, actually iiarmful 
(31); on the other hand, it has been demon.stratcd tliat a large quantity 
of sensitive tubercle bacilli do e.vist in patients w ho yield a resistant cultme, 
and continued tiierapy’ might seem icasonable on (liat account. It is 
certain that many so-callcd resistant cultures are in actuality mi\cd popu- 
lations. 

This debate will take a long time to clarify itself and, meanwhile, con- 
siderable clinical evidence is appearing — no bit of it convincing by’ itself 
but impre.ssivo in its cumulation — tliat the appearanre of resistant cultures 
docs indeed mean that the patient w ill not respond to further streptomycin 
theiapy (31, 27). Thus, to leturn to the point at is&ue, if one were to delay' 
collapse proccduics, waiting on ma.\iniai improvement, a relapse might 
develop and, the jiatient liemg now lesi^tant to the effects of sticptomycin, 
one would have lost the opportunity of using it to best advantage. It poses 
a \ery nice pioblem With the evidence at hand, it would seem safer to 
icgard stieptomycin as a onc-timc weapon and to procewl with collapse 
thcrap.v as soon as feasible and preferably before resistance develops. It 
IS the same argument — the generally accepted thesis that it is folly to use 
one's single bullet against a jackal when a tiger is in the offing — which 
emphasizes the unwisdom of treating minimal tuberculosis with strepto- 
mycin or of using it in any situation that may' reasonably be expected to 
respond to other forms of therapy, lest a life-threatenmg tuberculous 
episode subsequently' develop Meanwhile, every' effort should be, anil is 
being, made to overcome what has now become the head devil of strepto- 
mycin therapy Tlie search must be carried on rather in the dark until the 
mechanisms underlying resistance are understood, but much can be done 
in the dark It now seems established that nothing can be accomplislicd by 
decreasing daily dosage (IG, 31, 27), but studies on the effect of shorter 
remmens (for example, 42-day) and of the x’arious permutations and 


months or (for example, loilides (33)] are about to be undertaken 
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90 per cent of the 313 lesions are described as either healed or markedly 
improved. This presumably represents an accurate picture of nhat can 
be anticipated from the use of streptomycin in the “run of the mill” case; 

TABLE 33 

Changes occurring in 1S5 patients having trackeobronchtal tuberculosis and 178 patients 
having laryngeal tubeiculosia treated intramuscularly with streptomycin 


Tracheobronchial 


Ite^imen \ 

2 0 gm ' 

1.0 gm 

0 5 gm 

l>er day 

per day 

per day 

Palieiits 

G7 

1 59 

9 

BSOSCBOSCOKC OBStIVATIO.VS AT END OF TSEAtUEST 

1 U.aSE\XE IK PEE CENT 

llcaleJ (average 7 wk.) 

46.3 1 

72.9 

67 

Improved 

4! 8 

18.6 ; 

11 

Unchanged 

10 4 1 

5.0 

11 

Worse 

1.0 

3.5 1 

11 


Laiyngeal 


Itegimen | 

1.8-2 0 gm 

1 0 gm 

0.5 gm 

per day 

l>er day 

per day 

Patients 

61 

90 

27 

)LUyi.CEAl. OBSCKVAtlONS AT EKP 01 TBEAtUtNT 

1MCU>E1.C£ IK PEX CEKT 

Healed (average 9 ^>k.) 

37.7 

55 0 

46 0 

Improved 

45 9 

36.1 

44.0 

Unchanged 

8.2 

2.8 

4.0 

Worse or unknown ... 

8.2 

0.1 

4.0 

CLUnCAL OSSEBVATIOKS 




Hoarseness disappeared (average 5 wk.). 

28.6 

37.6 

46.6 

Hoarseness improved 

44 6 

47.7 

46 6 

Pain disappeared (average 2 wk.) 

67.4 

89.2 

100.0 

Pam improved 

13.0 

4.1 

0 0 

Dysphagia disappeared (average 2 wk ) 

61.7 

83.3 

100.0 

Dysphagia improved 

15 0 

7.4 

0 0 


the scries is of considerable size, less care was taken to confine treatment to 
frankly ulcerative lesions than in the earlier series, and it includes about 10 
per cent of noninflammatory, iibrostcnotic lesions Patients \vith actual 
ulcerations would appear to liave responded best. It will be observed that 
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being used. This whole question of dosage will have to be reopened now 
that dihydrostreptomycin has become available and, if the substance 
proves as relatively free of vestibular toxicity’ as would appear to be the 
case, the original irrational reason for decreasing dose would have dis- 
appeared; the old belief that 2 gm of any drug is, by definition, twice as 
good as 1 gm could be revived. 

The most desirable duration of treatment is less a function of todcity 
than of bacterial resistance to the drug. Originally, and quite arbitrarily, 
a period of 120 days was selected. If it could be shown that the incidence 
of resistance is markedly lessened by a decrease in duration of treatment, 
it would seem desirable to adopt a shorter period, even if there were some 
adverse effects on. therapeutic efficacy or on the frequency of relapses. 
This effect on resistance has not yet been demonstrated. But a reduction 
in efficacy’ does not appear to accompany a reduction in duration of treat- 
ment to GO days (8) and a further reduction to 42 days may diminish*, but 
certainly does not destroy, the usefulness of streptomycin (16). 

In general, the tendency over the last 2 years has been to reduce the daily 
dosage of streptomycin from 2.0 gm to 1 0 gm or even to 0.5 gm for reasons 
of to.xicity, and to reduce the duration of treatment from 120 days to 60 
days or even loss for reasons of resistance. -Aji optimal regimen has not yet 
been agreed on and is still the interesting object of pursuit, the possible 
variations having now been broadened by the appearance of dihydro- 
streptomycin. 

CoMPUCATIO.VS OF PUUIOXARV TUBERCULOSIS 
Tracheobronchial, laryngeal, and alimentary 

These several complications of pulmonary tuberculosis can be spoken of 
without equivocation. From the first reports (o, G, 38, 39) until the present 
time (7, 8, 9, 15, 16, 27, 40) there lias been uniform agreement as to the 
effectiveness of streptomycin on these lesions of mucous membranes. 

All the lesions reported on in table 33 (8, 16) « ere diagnosed by repeated 
bronchoscopic or laryngoscopic observation and by the finding of positive 
cultures for acid-fast bacilli in sputum or gastric contents. They Mere 
treated for 120 days or until shortly after maximal improvement was ob- 
served to have occurred. AJthou^i the results are less umlom^y success- 
ful than was true m ith the earlier series of fifteen cases (40), betu ecu SO and 

* Data presented before the Seventh Streptomycin Conference in April 1919 sug- 
gested that this freedom from auditory and vestibular toxicity U not as complete 
as had been supposed— even at a daily dosage level of 2 0 gm. _ 

» Data presented before the Seventh Streptomycin Conference in April 1949 indi- 
cated that a daily dosage of 0 5 or 1 0 gm administered for 42 daj-s was definitely 
less effective then the same dosage administered for 120 dajs. 
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losis and 105 cases of tuberculous enteritis have been reported from a single 
study (16, 41). In this study, lesions of the mouth and pharynx were 
occasionally diagnosed by biopqr, but more usually by the visualization 
of a typical ulcer in the presence of sputum or gastric cultures which were 
positive for tubercle bacilli. The diagnosis of enteritis was necessarily less 
definitive, and consisted of characteristic symptoms and roentgenologic 
findings in the presence of proved tuberculosis elsewhere in the body. The 
streptomycin regimen has been variable, with the same tendency to decrease 
daily intramuscular dosage (to 1 0 or 0.5 gm) and duration (to 42 days 
or less) as vas remarked upon in connection with pulmonary tuberculosis; 
this uas accomplished without obvious diminution of therapeutic efficacy. 
The oral use of streptomycin has been tried in a few cases of enteritis; in a 
•sufficient number, certainly, to demonstrate that the effects are slower in 
making their appearance when the drug is administered by this route and, 
probably, that the results are less successful. A Swiss investigator (42) 
has suggested its use by enema. So far as results are concerned : four of each 
five oropharyngeal ulcerations healed completely; the symptoms of enteritis, 
often of such severity as to have requii*ed the use of opiates, subsided uni- 
formly and often within a week; the intestinal roentgenograms showed some 
degree of improvement in at least two-thirds of the cases and a return to a 
normal-appearing mucosal pattern in some instances. With the disap- 
pearance of dysphagia and diarrhea there is a consequent mciease in body 
weight among patients who have become emaciated (41) There is, be it 
laid again, always the likelihood of relapse, although in the series under dis- 
cussion it Nvas reported at the surprisingly low figure of 3.G per cent. 

In these several complications of pulmonary tuberculosis, then, stiepto- 
mycin accomplishes healing of the local lesions in a very high percentage of 
cases By virtue of this healing it provides symptomatic relief — leliel of 
pain, of dysphagia, of diarrhea — in situations that am peculiarly difficult 
for both physician and patient. In the presence of the so-called tension 
cavities incident to endobronchial disease, its use may permit closuie of 
these cavities. These are no mean accomplishments. But it should be 
emphasized that, by definition, one istreating complications. The relief of 
these complications may prolong life. The ultimate fate of the patient 
must depend on the fate of his pulmonary disease. 

Tuberculous peritonitis 

The lelationsliip which has just been mentioned — that between the ul- 
timate fate of the patient and the fate of his pulmonary disease— does not 
neecssarily hold in the case of tuberculous peritonitis, for peritonitis may 
constitute tiie sole active lesion; its cure may then icpiescnt the patient’s 
cure unless the caseous tuberculous focus to which it is usually secondary, 
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the iccults obtained with 1.0 gm a day appear superior to those obtametl 
with 2.0 gm a day. It seems unlikely (hat this is the ease. The difTer- 
ence may be ascribed to the presence of a larger proportion of ulccmtne 
lesions, or to differences in (he pretreatment duration of the lesion, which 
w as shorter in the patients who received 1 .0 gm a day (average 5.0 mouths) 
than in those receiving the larger dose (average 9.0 months).* Patients 
leceiving 0.5 gm daily would appear to have done as well as those receiving 
larger doses, although the numbers in the former category are perhaps loo 
small to warrant comparison. The patients reported in table 33 were 
treated by the intramuscular route alone. The aerosol route wasabandoned 
early in the investigation when it was proved definitely inferior to the 
intramuscular route and when combined ae^o^oI and parenteral therapy ap- 
peared to offer no advantages. 

The symptomatic relief tliat followed the use of streptomycin in patients 
with laryngeal tuberculosis was one of the most gratifying aspects of the 
investigation, to clinician and patient alike. It occurred more promptly 
than did healing, when the latter was achieved, and with more constancy. 
Pain and dysplwgia disappeared, in two-thirds or more of the patients, 
within an average of 2 weeks, although hoarseness, as might be e.xpected 
on the basis of its pathology, disappeared more slowly and with less uni- 
formity 

In tracheobronchial and laryngeal tuberculosis, as indeed in all other 
forms of the disease that have been obserx’ed in sufficient numbers and 
for a sufficient period, relapses have occurred after treatment was discon- 
tinued The average incidence of relapse in 1,820 cases of the seietal 
t jiies of tuberculosis w hich liave been obserx ed for appioxiraately 12 months 
following the conclusion of treatment has been 18.8 per cent (31). One 
would have anticipated that the figure would be higher in the present in- 
stance, since the site of the lesions continues to be bathed in sputum con- 
taining tubercle bacilli in those cases (50 to SO per cent) in which persisting 
conversion is not achieved This w ould not appear to have been the case. 

.\s m the case of tracheobronchial and larj-ngeal lesions, so in the case 
of tuberculosis of the alimentary tract, the lesions of mucous membranes 
respond remarkably — it is difficult to avoid the word dramatically to 
treatment with streptomycin Forty-nine cases of oropharyngc.il tubercu- 

' Such difference* and others iliat cudduI be detected in these data are unaioidable 
in studies that seek to compare anj t«o groups of subjects which were selected at 
different limes and often b> different persons Man> of the tabulations in this chap- 
ter and similar studies (lOl ha\e .attempted to compare large doses of streptomjcin 
administered to patients selected in 1946 and early in 1947 with smaller doses ad- 
ministered to patients selected later in 1917 or in 194S Xot only were criteria for 
selection of cases lielter defined in 1948, but collapse therapy was more freely used. 
Concurrent comparison of rcgimemshas l»ecti in progress since the spring of 1947 (21). 
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Approximately four of every five ^uses and fistulae (78 per cent) 
healed ivithin an average of eight weeks after streptomycin therapy was 
instituted and, almost \Yithout exception, the remainder were markedly or 
moderately improved. This is remarkable enough, but it is less so than 
were the results in the first fifteen patients of this series, in whom fifty-nine 
of a total of sixty sinuses healed (44), An attempt was made to trace this 
discrepancy in results by distinguishing, first, betu een sinuses and fistulae 
and, then, by dividing these into subgroups on the basis of their anatomic 
origin. The attempt was successful in the sense that it disclosed that 
sinuses heal more readily than fistulae (86 per cent as opposed to 57 per 
cent). It is the predominance of fistulae in the group treated with 1.0 
gm daily which makes the results with this dosage (table 34) appear in- 


TABLE 34 

Chances occurring in S8S patients with 687 draining cutaneous sinuses and fistulae 
treated with streptomycin 


Regimen | 

1. 8-2.0 gm 

1.0 gm 

0.5 gm 

0.2 gm 

120 days 

120 days 

120 days 

120 days 

Patients 

126 

229 

15 

12 

Sinuses and fistulae . 

257 

403 

15 

12 

OBSSKVATtOMS A1 SMD Of TUATUEKT 

tHosEKa m m am 

Healed (average 8 wk.) . .... 

87.3 

C0.6 

60.0 

83 3 

Improved .... 

7.8 

23.5 

40 0 

16.7 

Unchanged 

4 C 

6.9 

0.0 

0.0 

Worse . 

0.3 

0,0 

0.0 

0 0 

Recurrence after healing , 

2.0 

2 5 

0 0 

0 0 


ferior to those obtained with the larger dosage; the appearance is deceptive. 
Sinuses originating in bone healed more frequently than those with other 
origins, and fistulae connecting with the pleural cavity did least well. The 
number of patients receiving a daily dosage of 0.5 to 0 2 gm is, relatively, 
very small, but the fact remains that ten of twelve sinuses treated with the 
smaller dose healed, although at a somewhat more leisurely rate. These 
same dosage schedules, administered for but 42 days, have not been in use 
sufficiently long to allon- the evaluation of long-term results but, so far as 
immediate results are concerned, it would appear that there was very little 
choice between the shorter and the longer periods of treatment (10). Two- 
thirds of the patients reported in tabic 34 have now been followed for more 
than G months after the completion of treatment and one-quarter of them 
for more than 12 months; the relapse rate is only 4 per cent. 

One important point which has emerged is the practicability, nay, the 
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is reactivated. A series of twenty-seven patients have been recently re- 
ported (8, 43) all but four of which were diagnosed as tuberculous by biopsy 
or by the culture of ascitic fluid. Tlicy received 1.0 or 2.0 gm of strepto- 
mycin intramuscularly daily, usually for 120 days. No correlation could 
be noted between the dosage or duration of treatment and therapeutic 
effectiveness. In twenty-two instances (81 per cent), the results were re- 
garded as excellent, with subsidence of fever, when it had been present, 
complete disappearance of ascites, amelioration of abdominal symptoms, 
and striking gains of weight. Three of the remaining five patients were 
substantially unchanged and the other two became worse, one of them dying 
during a relapse that followed an initially favorable response. Posttreat- 
ment biopsies did not reveal evidence of persisting peritoneal tuberculoas 
in two of the three patients in whom they were performed. 

Similar results were obtained in a somewhat larger series (16) of which 
this group of twenty-seven patients was a part. 

Although the number of patients reported thus far is relatively small, 
for the good reason that tuberculous peritonitis is rather rare, there seems 
no reason to doubt that this series provides another example of the ability 
of streptomycin to heal .superficial lesions of the membranes. 

DiiADaKG CxjTAN'Eons Sinuses and Fistul-ve 

The effectiveness of streptomycin on tuberculous lesions of mucous and 
serous membranes which has just been recited e.\tcnds to lesions involving 
the skin and its underlying tissues, where its ability to produce healing is 
most remarkable despite the caseating destructive nature of the process. 
In prestreptomycin days, cutaneous sinuses often continued to drain for 
years. Their surgical treatment and closure were rarely possible. It is, 
now, a very rare sinus that w ill not dry and heal when treated with strepto- 
mycin, and this with extraordinarily' small doses. The effect isso clear and 
at such complete variance with long experience that it is no more necessary 
to desire untreated controls in this instance than it is to speak of them in 
connection with meningeal and miliaiy tuberculosis. It was presaged in 
the first clinical report of streptomycin therapy (5, G) in which all sinuses in 
three patients healed during treatment. A very much larger experience is 
now' at hand, and its data are summarized in table 34. 

Table 34 presents the results which have followed the use of strepto- 
mycin in 382 patients with C87 draining cutaneous sinuses and fistulae 
(8, 16). The tuberculous etiology had been established in each patient by 
biop^ of a tract or by culture of itsdrainage material. The average dura- 
tion of the lesions prior to treatment was 45 weeks. .jUI streptomycin was 
injected intramuscularly for 120 days and four regimens were explored, the 
smallest daily amount (0.2 gm) being used in an attempt to establish a 
minimal effective dose. 
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SO maikcd as to pioducc evidence of destructive changes in the pyelogiamh, 
they ai-c relatively unaffected bystieptomyon, an analogy to its ineiTectivc- 
ness in fibrotic and caseous pulmonary lubeiculosts I>ebions oi the genital 
tract, especially piostatitis, are usually not impioved by sticjitomycin, with 
the single exception that postoperative sciotal sinuses heal leadily during 
its use. 


TA.liU?l 35 

Changes ocuirring in 186 patients mth genito-urviary tubercului, 
therapy 

IS (hiring streptomycin 

Uegimen , | 

2 0 gm 

I 0 gm 

1 0 gm 

120 days ' 

120 da>s 

42 dajs 

Patients 

86 

1 

1 

oaSEBVATlONS 

1 INCIDENCE IM FEB. CEVI 

Symptoms, at end of treatment 




Disappeared 

32 5 

13 0 

21.4 

Improved 

51 5 

72 9 

65 6 

Unchanged 

11 3 

8 7 

10.0 

Worse 

4.7 1 

1 ® ■* 

2 1 

Cystoseopie findings, ut end of treatment 



1 

Became normal 

26.0 

5 3 

20 4 

Improved 

CO 3 

73 C 

1 51 0 

Unchanged 

10 0 

15 0 

1 10 6 

Worse 

3 7 

0 2 

0 0 

Pyelogrums, at end of ticutmciU 




Bec.ime normal 

9 5 

1 0 5 

3 8 

Improved 

n 1 

! 10 5 

7 C 

Unchanged 

70 0 i 

1 61 6 1 

73 1 

Worse 

9 3 

, 16 5 

, U 5 

Hactcnulogic findings at end of treatment 

Culture positive 

16 3 

1 1 

1 I'J G i 

1 45 0 

Culture negative 

84 7 

1 SO 4 1 

i 55 0 


One-lhird of the patients leceiving the lai^or daily dose for 120 days have 
been observed for moie tliaii 12 months after the completion of therapy and 
00 per cent for moic than (» months, thcic lm\e been approximately 20 per 
cent liuetenologie and cystoseopie ielapM.*s m this group Thc'-e relapses 
Usually occur in palienls liaving gross, cstablisUetl, renal disease At pres- 
ent, It would appear that patients liuving lesions of this sort which are elini- 
cjiUy unilateral, and patients with genital tulierculosis, sliould continue to 
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desirability, of employing surgical procedures simultaneously with the 
start of streptomycin therapy or shortly after its inception. Pus should be 
evacuated and underl 3 ’ing necrotic tissue and bone should be removed w hen- 
ever possible. This procedure was avoided during the early stages of the 
study so that the obsers'ed results might be those of streptomycin alone, 
but it was performed in onc-thiid of tlic patients recorded in table 34. 

There can be no doubt that draining cutaneous sinuses, and to a leaser 
c.xtent fistulae, provide one of the most certain fields for the successful 
use of streptomycin; and the prevalence of these lesions, in certain parts 
of the world, makes it a very large field indeed. Their responsiveness to a 
daily do»e of O.o or even 0.2 gm makes it possible to avoid significant 
toxicity. There lemains here, as elsewhere with tj’pesof tuberculosis which 
are not necessarily' a hazard to life, (he physician’s obligation to weigh the 
desirability of healing the lesion against the risk of causing streptomyem- 
lesistant tubercle bacilli to develop. 

Genito-uiilnarv Tuberculosis 

In this instance also, the results originally described (o, 0) in 1945 (fi'e 
cases w ith four conversions) have been confirmed and greatly extended. A 
senes of 180 cases has been lecently reported (8, IC, 45) and is summariiccl 
in table 35 The diagnosis was establisljod m all cases bj'posithe culture or 
guinea pig inoculation, and the pretreatment legimen was unaltered other 
than by the addition of streptomycin. Both 2 0- and 1 0*gm dosages ha^e 
been used for 120 days; the smaller dose has also been used for 42 days, but 
enough time has not passed since completion of this last regimen to allow 
its evaluation* There would appear to be insufficient difTeience in the 
effectiveness of these two dosiiges to compensate for the advantage gained 
by reduced toxicity with the smaller A daily dosage of 0.5 gm has not 
been employed. 

Reasoning by analogy from the effects of streptomycin on other tuiicrcu* 
lous lesions of the mucous membranes, one would anticipate that infiaituna- 
tion and ulcerations of the bladder wall would be favorably affected. 
has proved to be tlie case Healing or marked improvement of cystitis has 
occurred in more than SO per cent of the cases and, with this improvement, 
theie has been a concomitant improvement in the most distressing symp- 
toms (45) and in bladder capacity In the longer regimens, urine cultures 
have been conveitcd to negatne in SO per cent of tlie ca.ses, and this ma} 
piove to be true with the shorter legimon when observations have been 
sufficiently prolonged * On the other hand, uheii lesions of tlic kidney a arc 

‘ Djta presented before fbe .‘M'venth Siie|i|i)m\( in Conference in April **' 4 *' 
cate that the 12-da3’ regimen is dcRniteh inferior to the 120-<Ja\' regunens in freeing 
the urine of tubercle bacilli 
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dosage or chronicity, the figures become too small to allow any clear de- 
cision as to which dosage is picfcrablc or which stage of disease responds 
best. In view of the danger of cncouiaging the development of strains of 
bacilli which are lesistant to streptomycin, it might seem wise to confine 
use of the drug to the more acute and progressive forms of the disease. 
Here, as elsewhere, relapses have occurred during the follow-up period; 
their incidence has varied between 10 and 25 per cent. 

A A^AiUEnf OP Lesions 

In this paragraph it is planned to dispose, in a sentence or so, of tubercu- 
lous empyema and tuberculosis of the ear, eye, skin, and pericardium. 
So far as empyema is concerned, it is reasonably clear that streptomycin, 
either alone or in combination with various methods of drainage, usually is 
ineffective therapy (6, 8), although it may permit definitive surgical treat- 
ment by decortication (IG). As has been repeatedly suggested, this may 
well be due to the acid reaction of pus, for streptomycin is more effective in 
an alkaline than in an acid medium. On the other hand, streptomycin 
would appear to bo useful in tuberculous otitis media, twenty-five of twenty- 
eight patients being reported (10) as apparently cured or improved following 
treatment. Tuberculosis of the eyes, skin, and pericardium deserves fur- 
ther investigation; the cases encountered in the cooperative study (16) 
are too few in number and the diagnoses frequently too suspect to warrant 
any conclusions. Several methods have been suggested for increasing the 
concentration of streptomycin in the aqueous and vitreous humors (4G, 47). 
Favorable results have lecently been described (50) in seven cases of lupus 
vulgaris following the use of calciferol and streptomycin. Three patients 
who had sarcoidosis have been treated; one of these has been reported (16) 
as improved, the other two as unchanged. 

CoilMENT 

The introduction of streptomycin into clinical medicine lias been pecul- 
iarly exciting to phthisiologists. Not only Iiave they never had an “anti- 
biotic” wliich ^vas helpful in the treatment of tuberculosis in man, they have 
never had a proved effective drug of any sort. So far as chemotherapy is 
concerned, not only uas their situation comparable to tliat of the syphilolo- 
gist prior to the discovery of penicillin, it wasuorse than his position before 
the appearance of Ehrlich and arsenic. Phthisiologists have been depend- 
ent on rest in bed, vhich finds its climax in the “lung immobilizer” (51), 
and, more recently, on collapse therapj’, mIucIi has become most definitive 
m the form of cxcisional surgery 

Chemotherapy is a radical departure from tradition in tuberculosis, 
and on this account it might have been anticipated that a tuberculostatic 
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undergo surgical treatment if there is a reasonable chance of excising the 
lesion (45) and that the role of streptomycin is merely that of a prophy- 
lactic at the time of operation.* On the other hand, although obser^'ations 
must bo carried on for much longer periods before definite statements can 
be made, the higli percentage of persistent conversions indicates thatstrep- 
tomycin may be of permanent benefit in less advanced and early disease. 

Orthopedic Tuberculosis 

Two hundred and twenty-eight patients with tuberculosis of the bones 
and joints have been treated (8, 16) with the three regimens mentioned in 
the previous section. Despite this formidable number of cases, the series 
is less satisfactory as a basis for conclusions than are other series in this 
study. Improvement undoubtedly occurred in the local signs (inflam- 
mation, pain, swelling, limitation of motion) attendant on the infection; 
indeed, some degree of improvement in them was reported to have occurred 
in 90 per cent of patients during treatment, and the local signs uere said to 
have disappeared or been markedly improved in appro.ximatcly 50 per cent. 
There is some doubt about the roentgenographic changes, uhicb are ne^er 
easy to evaluate and ahvays slow in making their appearance. It was the 
opinion of the investigators, an opinion confirmed by a jury review of roent- 
genograms in 100 cases, that disease which had been progressing prior to 
therapy tended to stabilize during the first 4 months after the beginning of 
treatment and to show improvement (usually slight) during the second 4 
montlis The very gradual development of these changes, and the fact that 
ancillary surgical procedures were sometimes employed during and after 
treatment, make it difficult to attribute the results to streptomycin. This 
senes deserves more careful analysis. It is perhaps fortunate that a control 
study — in the sense of alternate treated and untreated patients — in this 
field has been undertaken by the United States Public Health Service. 

LvXiraADEKITIS 

In sb:ty-three cases of tuberculous lymphadenitis, proved by aspiration or 
biopsy, the patients have been treated with daily dosage of streptomycin of 
0.5, 1 0, or 2.0 gm and have been obscr\’ed for at least 120 days after the 
completion of treatment (8, 16). The nodes became nonpalpable in 21 per 
cent; m an additional 42 per cent tlicy became markedly or moderately 
smaller during this period. \Mien subdivided into groups on the basis of 

* Other urologists (49) ha% o advocated the use of streptomj'cin for a trial period of 
fiO in the presence of a cimicallv unilateral renal lesion, even when the disease is 
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reductions of dosage result in a striking reduction m the incidence of toxic 
manifestations, although these still appear in a small percentage of cases. 
Dihydrostreptomycin, which has but just become available, can probably 
be used at a daily dosage level of 2.0 gm, or even more, nith a similar re- 
duction of toxic mamfestations.* But neither the decrease in dosage of 
streptomycin nor the introduction of its reduction product has had any 
effect on the development of resistance, ^\hich has now become the chief 
difficulty in maintaining the gams which stieptomycin therapy can achieve. 

The introduction of streptomycin Iras vastly simplified the treatment 
of certain types of tuberculosis; but the&e types are, for the most part, 
complications of tuberculosis, especially lesions of mucous and serous mem- 
branes, which are relatively rare. It has, on the other hand, complicated 
rather than simplified the treatment of pulmonary tubeiculosis and of 
other forms of the disease in which surgical procedures play a role of steadily 
increasing importance. There is now the necessity of properly coordinat- 
ing, in time, these surgical procedures with the administration of strep- 
tomycin. This is true because the tubercle bacilli become resistant to the 
effects of streptomycin during prolonged therapy 
This resistance is the moie serious because, once emerging, it is a per- 
sisting phenomenon. Certainly this is so in the laboratory, where on 
repeated subcultures and animal passage microorganisms retain the resist- 
ance of the parent culture and, m the dried and fiozen state, retain it 
at the original level for as long as 25 years. It would appear to be the 
rule in man, although there are occasional records of a return of sensitivity 
over a period of many months Until some method is found for avoiding 
development of this resistance, its appearance must be borne constantly 
in mind in designing the best possible regimen of stieptomycm for any 
particular case of tuberculosis. It is not difficult to make certain general 
statements. Thus, it is agreed that some 70 to 80 per cent of all patients 
receiving stieptomycin for 120 days become resistant to the drug, /^d 
it is easy enough, and logical enougli, to say that when surgical procedures 
are to be employed they should be employed befoie resistance has de- 
veloped, whenever possible, so tliat the proceduies may piofit by the 
protective action of streptomycin, this is paiticulaily true with such 
hazaidous pioceduies as pulmonaiy resection Similarly, one may say 
that stieptomycin should be avoided in the case of an 3 ' benign tuberculous 
lesion which could be expected to icspond to othci founs of tieatmcnt, lest 
the patient, becoming iCMstant, be dcpiivcil of the benefits of sticiitomj’cm 
if some life-thicaleimig tulieieulous episode should subsctiucntlj’ develop. 
Hilt lliese gpiieialitiesaie very dillicult to apply m uny spcvific ease There 
is no way of foictelling at what date a given patient’s bacilli will become 
resi''tant, or, indeed, whether tliej' will become icsistunt at all A com- 
bination of both knowlctlge and luck is nccesfviry. 
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(hug would be t-louly, peihaps inaccurately, evaluated. Id the case of 
stieptomj'cin, tlii.s would aj)j>ear not to have occuned. Within 3 years 
after publication of the flr^t clinical paper describing its use, it has been 
possible to write a chapter of thiN tort — tentative and incomplete in many 
respects, but unlikely to be legaided as complete nonijense within the ne.\t 
year or so. This relatively lapid evaluation of a new dmg — rapid for tuber- 
culosis if not for pneuniococcic pneumonia — is partly the result of e.\- 
perience gained fiom the investigation of other drugs in other diseases. Il 
is partly a lesult of the employment, here and in England, of cooperathe 
methods of investigation which have yielded data, reasonably uniform 
rapidly, and in large amount; methods which were used, perhaps for the 
first time, in the beautifully organized study on penicillin and syphilis which 
was initiated duiing the recent war. 

This is rather large talk. Moving from the general to the particular, 
let us see just w hat can be said. That streptomycin has a deleterious effect 
on the tubercle bacillus can be concluded from the prolongation of life, and 
the occasional suiwival, of patients with meningeal and miliary* tuberculosis. 
That this effect is bacteriostatic rather than bactericidal can also be con- 
cluded, not only from the finding of \'iable bacilli in c.vperimental animals 
after treatment, but also from the frequency with winch relapses, due to 
bacilli still sensitive to streptomycin, occur in the clinic when treatment is 
withdrawn. This being the case — it has been said often, but cannot be said 
too often — streptomycin must be recognized as an adjunct to other forms 
of therapy rather than as, of itself, definitive therapy. WHiat are these other 
forms of therapy’ First, there is hat, for lack of more precise terminology, 
is known as “the defensive powers of the host”, it is to this natiie defense 
that one attributes the improvement which, initiated under streptomycin, 
continues after the drug is withdrawn Second, there is bed rest, long the 
cornerstone in the treatment of acti\e tuberculosis; if one liad in Iiand a 
truly bactericidal agent it miglit be reasonable to disinter this stone, the 
therapeutic position of which is logical though not undisputed; having only 
streptomyem in hand, one would seem foolish to disregard l>ed rest and 
even to consider the tieatmcnl of lubertulosis with streptomycin on.m oul- 
jiatient basis Thud, and ^peaklng nowia terms of pulmonary disease, there 
are the various forms of collapse therapy (extensions, in reality, of the use 
of rest) and excisionai -urgery which aKo, of course, require institutional 
care. 

The most obinous danger associated with the use of streptomycin, until, 
let us say, the fall of 1947, wa** the de\elopment of toxic manifestations, 
notably affecting the \ e«tibular apparatus That is no longer the case. It 
is generally, though not altogether, agreed that the daily' dosage can be re- 
duced from 2 0 gm to 1 0 gm, or exen lower, without appreciable loss of 
therapeutic effectiveness m the more responsive types of disease. Such 
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It is in this particular field — the avoidance of resistance — that the nc-xt 
advance in streptomycin therapy must come. The situation is intolerable, 
and the need urgent. The tran^erence of streptomycin-resistant strains 
to previously uninfected persons is already a matter of record in two cases 
(IG). It will in all likelihood become commonplace. It is serious in the 
sense that such indixnduals cannot be eflfectively treated with strepto- 
mycin, although in no other sense is their infection more dangerous. There 
is very good reason to anticipate some degree of success by the use of com- 
bined chemotherapy, particularly by the use of streptomycin and para- 
aminosalicylic acid. Numerous other paths in this field are already being 
explored. Some one of them may lead to the goal. Or some new drug may 
be found that possesses more virtue and fewer vices than streptomycin. 
It would be strange if the first antibiotic that proved to be bacteriostatic 
in the treatment of human tuberculosis were to be the best. 
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scope, which is tiie ciuisc of ateloctasis, hlockctl cavities, and positive spu- 
tum. If patients suspected of huving such lesions aic given streptomycin, 



I'm, 53 (A), film before strcploinjcin; (IJ), reveals m.irked clearing two months 
.liter streptomjem— jvtclectasis go»e, cavity remaining; (C), film showing spread 
following thorocoplasty in spile of previous streptomycin, (D), clearing after re- 
starting streptomycin (Origin. il) 


with early and maiked clearing of atclcctasit, and reduction in the size of 
cavities, it is ceitain that the diagnot>is of endobronchial disease was cor- 
lect and that following treulinent the broiielii have again become patent 
(tig 53). If the results are negligible, however, it can be pic&umed in most 
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CiLiPTEK 19 

STREPTO.AIYCIN IN THE SUHGICAL TREA1\MEXT 
OF PULMONAKY TUBERCULOSIS 


Observations at the Wayne University ^[edical School and at affiliated 
hospitals of the Detroit Board of Hcallh on more than 2,000 patients 
treated with streptomycin to date have provided a basis for some \er>- 
definite general ideas about the proper role of this drug in the surgical 
treatment of pulmonary tul)orculosis. An exact statistical tabulation of 
the patients is not yet possible. Streptomycin has been u&ed e.\tensitely 
for so short a time that long-term results cannot be evaluated. Patients 
also arc so widely scattered that accurate figures are not available. 

The conclusions arc based on the results of treatment given for various 
types and extent of disca&e. 

Streptomycin uas given to patients whose lesions, it was hoped, could 
be cleared without collapse or other surgical measures or in the hope that 
these procedures could be made less radical. 

It was also used for patients in whom surgical procedures were con- 
traindicated before treatment because of the c.vtent of disease and the 
condition of the patient It was gi\cn here with the hope that impro\e- 
ment would be sufficient to allow institution of such procedures needed to 
complete recovery 

Some patients also lecehed streptomycin treatment to prevent spicads 
following surgical procedures or to clear such spreads after tlie 3 ' occurred. 

The treatment has been u&cd evtensivelj' in patients with proved or 
suspected endobronchial disease These often heal as if hy magic soon 
after streptomycin is started The number of bronchoscopies performed 
for these lesions has been markedly reduced Prolonged treatment with 
sliver nitrate application js no longer neccs-saiy. Bronchoscopj' is now 
done for diagnosis and again after streptomj'cin therapj'. It is rare to 
find ulcers unliealed after tieatment Some patients, however, lia%e liecn 
found in whom the ulcer did not clear readilj' under administration of the 
drug. In these few instances, a sufficient amount of streptomycin prob- 
ably was not given. This liolds true for tho.'C few patients, also, who 
develop bronchial ulceration during and after treatment. There is fre- 
quently much endobronchial ulceration be 3 'ond the vision of the broncho- 
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lesions without cavitation has taken place after an arbitrary course of 
treatment, we have recently (unless contraindications are present) tended 
to continue with the streptomycin and have had some startlingly good 
results without adding collapse measures (fig. 55). 

No one at present knows how much streptomycin a given patient needs 
or can tolerate before the lesion will clear or the organism becomes resist- 
ant. In this group of patients it is difficult to know definitely which course 
to follow. If use of streptomycin is continued, the patient may become 
resistant, and this may have been unnecessary. If collapse measures are 
not applied sufficiently soon, the disease may reactivate and spread because 
they were not used. If they arc applied early without continuing strep- 
tomycin, there is the possibility they also may not have been necessary. 
We have tried to take the middle-of-the-road attitude, but we have, no 
doubt, added procedures which may not have been needed and have also 
withheld them too long with unfortunate results. As said before, it cannot 
be determined, after an arbitrary course of treatment that its continuance 
might not be essential, and visa versa. Reactivations have occurred fol- 
lowing treatment which, we are sure, would not have taken place if more 
streptomycin had been given. In a number of instances, patients have 
been put back on streptomycin, and these lesions have cleared rapidly 
(fig. 53). 

To prolong treatment one should, of course, know tho sensitivity of the 
organism. But this takes time, and if sputum is negative, which is fre- 
quently the case, it is impossible. In many instances the organism has 
been found to be just as sensitive to streptomycin after the arbitrary course 
of treatment as before. In five patients who were resistant but whose 
sensitivity tests were not yet reported, streptomycin was restarted with 
excellent results (fig. 56). The fear of patients’ becoming resistant to 
streptomycin, however, is always with us. In 750 patients treated with 
streptomycin at ^laybury Sanatorium, 50 have become resistant. It is 
for this reason that stieptomycin has been held in resen'e when it seems 
possible that the disease may be arrested safely with simple collapse meas- 
ures alone. Were this not the case, it is safe to say that the percentage of 
patients who have been spared collapse measures would be markedly 
increased. It is possible that, in the future, all patients will be treated 
with streptomycin when first seen, and without fear of resistance. Promin, 
amino salicylic acid, and dihydrostreptomycin help, but more refinements 
probably w ill be forthcoming It seems inconceivable, how ever, tiiat any- 
thing will ever be able to permeate dense, fibrotic scar tissue surrounding 
tubercle bacilli. It becomes our duty, therefore, to see that patients are 
treated properly before this stage is reached. We believe that any soft 



322 


CLINICAL 


instances that the condition was either healed stenosis or fibrotic paren- 
chymal disease or that insufficient streptomycin was given. .Vs it is often 
difficult to differentiate between atelectasis and parenchymal disease by 
roentgenogram, some of the excellent results sometimes reported for old 
fibrotic lesions were probably in reality atelectasis from endobronchial 
disease. In tuberculoma, streptomycin has rarely been of benefit. .Vll 
patients with fresh coin lesions should, therefore, liave a resection, for in 
our experience about 50 per cent of these prove to be carcinoma, sarcoma, 
or cysts. About 40 per cent of those resected have been malignant. 



A B 

Fig. 54. (A), extensive unilateral tuberculosis. (B), appearance three months 
later after Btreptomj'cm — dose 04 gram daily (Original). 


In patients with early, minimal and moderately advanced disease, strep- 
tomycin has decreased the necessity of simple collapse measures, such as 
pneumothorax, or pliremc operations, by more than 50 per cent (fig- ^)* 
Even in more extensive disease, the results are sometimes so staitling that 
further procedures are found unnecessary to complete the arrest of the 
disease, or much less radical measures are necessary. In the group ol 
patients who have apparently been spared collapse measures, there are, 
of course, some who may need them later, whereas others who apparentls 
need the assistance of some procedures to complete cavity closure 
convert sputum, may become entirely well without them, for it is a routuie 
obiscrvation that lesions contmue to improve for months following discon- 
tinuation of slreptomycm. U comMerable but not sufficient clearing o 
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Fig 5G (A), cNlensive c\Uil.ittvc bilateral tubcrculuais; (B), clearing after one 
month of strcptonncin, (C), marked cicanng after a three months course of slrcji- 
tomycin Despite high resistance, streptomycin continiicil and a phrenic nerve 
erusliing added to left (D), apjiearanco after completion of second course of streji- 
tonivciii, no cavitv present— sputum iu*g.itivc (Original). 
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trary course of streptomycin with, those who have not had such a course, 
because ^Ye are operating on much softer lesions often months earlier than 
we did before its use, and we axe never sure the patient has had sufficient 
streptomycin before operation to prevent spreads. There can be no doubt 
that many months of hospitalization are saved by following this routine 
and that marked reduction in the financial burden to the family or com- 
munity is achieved. Patients in whom a spread has occurred during or 
immediately following these operations, regardless of previous streptomy- 
cin, have cleared much more readily with administration of the drug, 
and with a marked decrease in tlie number of collapse measures necessary 
to assist clearing. 

When so-called "spreads” occur, it is important, for statistical purposes, 
to distinguish bet^Yeeu new, fresh lesions and reactivation of old lesions 
(or autotuberculinization), which are noted for their rapid clearing. A 
review of old roentgenograms is usually necessary to make this distinction. 
Of patients given streptomycin to prepare them for thoracoplasty, or to 
make tins procedure possible, 20 per cent were found no longer in need of 
it. Of these, 5 per cent were classified as hopeless before administration of 
streptomycin. Of the extremely ill patients brought to thoracoplasty fol- 
lowing streptomycin, 25 per cent were considered hopeless before adminis- 
tration of the drug. We have also found that with streptomycin there are 
fewer residual cavities following thoracoplasty. This is explained by the 
marked effectiveness of streptomycin in endo-bronchial disease, which 
causes blocked cavities that are often displaced but remain unchanged in 
size after one or two stages of thoracoplasty. These cavities frequently 
close after streptomycin. It should be used in such cases, however, before 
rebridged bone occurs to prevent approximation of cavity walls and healing. 
It must be kept in mind that the size of a cavity revealed by roentgenogram 
does not at all represent the amount of destruction of lung parenchyma. 
Cavities (especially blocked ones) have a tendency to balloon, and give a 
distorted idea of the amount of pathology present. Frequently, it is 
impossible to determine whether blocked or partly blocked cavities caused 
by active endobronchial disease exist. This is another reason why wo 
believe streptomycin should be used as a prophylactic measure in all pa- 
tients undergoing thoracoplasty. In spite of the excellent results obtained 
in cndo'bronchial disease, we have found that, in extensive tuberculous 
bronchiectasis with invasion of bronchial walls and surrounding tissues, 
streptomycin was not very effectual. 

Many patients received streptomydn prior to lung resection. A large 
number of these had extensive tracheobronchial disease or unstable lesions 
in the contralateral lung, which made resection impossible prior to its use. 
Most of these cleared sufficiently and were brought to resection with excel- 



326 


CONICAL 


spreading lesions should be given streptom 3 'cin immediately, and even 
less active lesions which arc not doing well under simple collapse measures 
should have it administered regardless of possible development of resist- 
ance. Roentgenograms and pathological specimens have indicated that 
lesions treated with streptomycin tend to heal by resolution or soft scar. 
If patients, therefore, are treated effectively early enough in the course of 
their disease, the problem of dense, fibrotic scar tissue should not present 
itself. 


In spite of our stated middle-of-the-road attitude, we have tended lately, 
in patients with extensive soft disease with cavitation, for whom thoraco- 
plasty or resection was considered, before streptomycin therapy, to be 
necessary ultimately, not to perform these operations if marked but not 
perfect clearing or closure of cavities occurs after streptomycin has been 
discontinued. We have tended, on the contrary, to add simpler pro- 
cedures such as phrenic ncrv'c crushing (fig. 56) . ^\^lethe^ this is the proper 
course to follow can be determined only after much more time has elapsed 
and experience has broadened. In fact, what the future holds for all 
patients tvho have had streptomycin must await further observation. 

We have found that the number of patients in whom major surgical 
procedures wore possible was doubled by the administration of strep- 
tomycin. Many lesions, seen before administration of this antibiotic, 
were so extensive and of such cliaracter that collapse or resection measures 
could not be performed. Also, the condition of many patients was too 
grave, and there were complications such as gastro- intestinal, peritoneal, 
pelvic, genito-urinary, and bone disease as well as sinus tracts, contra- 
indicating surgical procedures. Streptomycin is markedly effectual in such 
complications, and after these have subsided and the lesions have cleared 
sufficiently, surgical procedures have frequently been completed \vith good 
results. In many extremely ill patients, with high temperature and dysp- 
nea (some almost moribund and m oxygen tents) the temperature rapidly 
became normal foliownng admmistration of streptomycin. Wlien tlie oxy- 
gen tents were removed, the patients continued to lmpro^'■e to such an 
extent that surgical procedures were possible later (fig. 56) . 


In a patient on whom major procedures are contemplated, strcptoinyciu 
is used to clear or protect, during and after the surgery, soft lesions existing 
on the operation side or an unstable lesion present in the contralateral 
lung. We believe that m almost all patients undergoing major surgical 
procedures for pulmonary tuberculosis streptomj'cin should be used pro- 
phylactically. In negroes and others with known lack of resistance, the 
use of streptomycin under these conditions is imperatue. Under this 
procedure, wc have observed fewer spreads following major surger>'. R 
IS unfair, however, to compare spreads in patients \vho liave had an arbi- 
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these patients had lung resections which necessitated cutting tlirough the 
tuberculous ulceration in the bronchus. It has been proved that this is a 
very hazardous procedure, resulting in such complications as tuberculous 
empyema and opening of the bronchial stump. The remainder of the 
patients were given streptomycin as a prophylactic mcasuie. Streptomy- 
cin was also used during the course of decortication of the lung because of 
extensive tuberculous pleural involvement and other factors (fig. 58) In 
these patients the postoperative course was smoother and pleuial reactions 
were less marked and cleared more promptly tlian in those patients in whom 
streptomycin was not used. 



As has been mentioned, many patients who wcie thought, bcfoiu sticp- 
tomycin tieatment, to need collapse mcasuic-> of .some sort did not need it 
afterward Others w’ho weie thouglit to need major pioccduies needed 
only minor ones after stieptomycin therapy. Many others in whom col- 
lapse or huigciy was impossible before use of sti-eptomycin, were able to 
withstand application of such proccduie. In some, however, there was no 
change in the pretreatment and postlieatment lecommcadations. In this 
group tlieie was often consulciablc impio\ement in the lesions and symp- 
toms. and the patients weie made belter t*andklale.s for the procedures 
lecommemletl. In some, no sucees.sful collapse was iiossiiile befoie or 
after tieatment. This grow]) e.in be clas.silieil as failuies (lig. .Vd). 

As would be e.\pecteil, our icsult.'t wcie most sinking in soft, mi.\ed, 
and most recent lesions (tigs. 55 and 50). Occasionally, however, in ap- 
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lent results. At operation there A^as no evidence of the previous bronchial 
ulceration in the seveie<l bronchus in any case. In some patients with 



5 Fi 
Tculoi 

I (B) J 

’ance five montlis after ailcnission 

i lumen adequate for thorocoplastv 
_inal) 
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extensiAf tracheo-bronchial lesions where apparent stenosis existed, this 
lias disappeared and a re.'cction which was thouglit neecssarj’ was replaced 
bv thoracoplasty (fig 57) I*nor to the advent of streptomycin, many of 
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brought to surgery, and in many the outlook is liopeless. If streptomycin 
is given to this last group for symptomatic relief, the tendency will be to 
develop a group of patients who are resistant to the drug and to induce few 
permanent good results. Pressure from hopeful relatives often makes the 
decision difficult, however. In terminal patients it is probable that the 
temporary symptomatic improvement, the feeling of well-being, decreased 
cough, and lessened discomfort make its administration worthwhile. At 
least, the last days of such patients are made easier. Streptomycin does so 
many wonderful things when it is properly employed that its prestige will 
not be seriously damaged by following this philosophy. In so-called “good 
chronics,” however, neither ill nor miserable, and with old fibrotic lesions, 
streptomycin should be withheld until surgical measures are contemplated. 
In this group there are, of course, many who do not need the drug, but 
small dosages given only during the operative period will seldom cause 
development of resistance. For the reasons given, we believe better re- 
sults will be achieved in more patients if streptomycin is administered. 
This is especially true when there is any suspicion of perifocal pneumonitis 
or endobronchial disease. 

In our e.xperience, the results of streptomycin therapy, in properly 
selected patients, have frequently been so amazing that there always exists 
the fear that in the hands of the unscrupulous and those unfamiliar with 
its use and complications, it will be employed indiscriminately and cause 
more damage than can bo offset by the results obtained. 

One will not find perfect accord regarding the efficacy of streptomycin 
even among the best men in the profession. Those who are unfortunate 
enough to work in hospitals or sanatoria where most patients are of the 
old chronic, fibroid type, unfit for surgical measures, will not be enthusiastic 
about its use. It must be remembered, however, that all old chronics have 
become so, in most instances, because proper treatment was not instituted 
earlier. They ere all, at one time, patients with soft, early lesions readily 
amenable to bed rest and collapse measures alone or with streptomycin. 

One cannot conclude a discussion of streptomycin without dwelling on 
the complications which sometime follow its use. In the early days, 
excessive amounts were given, and there were many serious and permanent 
complications. Eighth nerve and vestibular involvement, kidney damage, 
and skin eruptions w ere common. Tliis danger is still a reality. Too large 
dosiigcs continued often for too long a time without proper tests of sensi- 
tivity arc frequently employed. Much snudlcr doses, given once a day, or 
even 3 days a week, will accomplish the desired result, in most instances, 
with far less danger of complications. At the Herman Kiefer Hoapital 0.5 
gm is given daily for 12 weeks. At the Maybury Sanatorium 1 gm is 
given once a day, 3 days a week for 12 weeks. Possibly much smaller 
dosage will suffice in many instances. Wth the present dosage, a marked 
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parently old, fibrotic lemons, excellent results have been obtained. In 
almost all patients, some clearing of the lesions and*clinical improvement 



have been noted. One of our great problems is to know nhat to do \nt 
“old chronics” wth bilateral disease not critically ill but often very 
able ^vith excessive cough and other discomforts. Few of them can b® 
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Chapter 20 

CLINICAL SIGNIFICANCE OF BACILLARY RESIST- 
ANCE IN THE TREATMENT OF PULJIONARY 
TUBERCULOSIS WITH STREPTOSIYCIN 


Sliortly after the tuberculostatic activity of streptomycin was demon- 
strated, it was found that tubercle bacilli could be made highly resistant 
to streptomycin by serial subculture in increasing concentration of the 
drug. It was learned also that resistant organisms weic present in the 
secretions of patients who had received the antibiotic as therapy for tuber- 
culosis. And it has now been established that resistant bacilli may bo 
obtained from the great majority of patients who receive streptomycin 
daily during a period of 4 months. 

It was anticipated early that the phenomenon of drug-fastness would bo 
a serious limitation of the usefulness of streptomycin (I). ^lost investiga- 
tors now assume that the laboratory demonstration of resistant bacilli 
reflects the presence of similar strains within lesions under therapy; and 
that these bacilli are also resistant to concentrations of streptomycin which 
are clinically feasible. Evidence, moreover, suggests that the organisms 
in an individual culture are of variable degrees of resistance, and that, in 
fact, many bacilli in the same culture arc inhibited by very low concentra- 
tions of streptomycin. It is believed, further, that bacilli of dissimilar 
degrees of resistance are also present in vivo. It is reasonable to suppose 
that such varying proportions of sensitive and resistant organisms in a 
total bacillary population are intimately related to the clinical importance 
of the phenomenon of resistance. The value of further streptomycin 
therapy, when bacillary resistance occurs, and the eftcctivcncss of rctreat- 
ment with streptomycin during relapse sliould logically depend upon the 
relative preponderance of sensitive or resistant bacilli. 

Tlic techniques and limitations of laboratory methods useful in demon- 
strating the sensitivity of bacilli arc fully considered in chapter 1 1. In this 
section an attempt will bo made to elucidate the significance of the phe- 
nomenon of \)acfllary resistance by corrchitlng the sensitivity of bacilli, as 
determined m vitro, with various clinical manifestions observed during 
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decrease in complications has been noted. Permanent significant damage 
virtually does not exist. Although temporary vestibular dysfunction and 
skin eruptions occasionally are encountered, they usually subside with 
the discontinuance of treatment. Treatment can usually be started agam 
later without repetition of these manifestations. In some patients larger 
dosages may be required, but if these are used we believe they should be 
given on alternating days or wedcs. 

Patients with pulmonary tuberculosis when first seen present many 
varied problems. Some have early active minimal disease with almost no 
symptoms, others are moderately advanced, and some are far advanced, 
extremely ill and possibly dying. Numerous procedures are applicable to 
these conditions. Some need streptomycin, others do not. All of them, 
however, need bed rest, and, if sputum is positive, isolation is imperative 
Application of these procedures, however, along with the use of strep- 
tomycin is not uniform every^vhere, and this is another reason for dif- 
ferences of opinion regarding the merits of its use. 

In our experience the whole sui^ical approach to pulmonary tuberculosis 
has been revolutionized since the advent of streptomycin. Many patients 
are saved the necessity of collapse measures entirely, and others need much 
less drastic ones. We are now doing many more primary’ thoracoplasties 
and doing them earlier without preliminary phrenic operations and con- 
tralateral pneumos, which previously were necessary. Resections of seg- 
ments, lobes, or lungs have been made much less hazardous procedures. 
Tliis holds true also for decortication. Many patients preuously denied 
any form of collapse or resection are now receiung these procedures. 
Wiat is most important of all, however, is that the lives of many patients 
previously hopeless have been salvaged. 
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tubeiclc bacilli by an antimicrobial agent can be but a preliminary btep, 
which must be followed by reparative processes dependent upon poorlj' 
understood attributes of the host. When streptomycin, therefore, is used 
for treatment of such lesions, the multiplication of bacilli is, indeed, sup- 
pressed, but the value of this bacteriostasis is limited by its relatively short 
duration. Viable bacilli remaining in such necrotic areas may resume 
growth, little may have been accomplished toward lasting healing, and 
pretreatment conditions may soon prevail. If the drug were bactericidal, 
necrotic lesions might eventually be sterilized; and though complete tissue 
lepuir never occurred, reactivation and relapse might be averted. 

Wien, on the other hand, the recent bronchopneumonic lesion is treated 
with streptomycin, the result is usually excellent. In this situation, the 
favorable changes that ensue are due as much to the pathologic character of 
the lesion as to the inhibition of bacilli by streptomycin. Such broncho- 
genic metastases often contain relatively few bacilli, the exudate is largely 
reversible, and there is little or no destruction of tissue. The progression 
of such lesions to necrosis, when it occurs, is due, at least in part, to the 
rapid multiplication of bacilli. Tlie arrest of bacillary growth by prompt 
administration of streptomycin tends to prevent necrosis and favors the re- 
solution of the exudate while it is still largely reversible. It should be 
emphasized that a relatively brief period of bacillorj' suppression is sufficient 
for resolution of this lesion to manifest itself. 

These facts have some bearing upon the therapeutic results that might be 
expected following temporary bacterial inhibition by streptomycin— tem- 
porary, either because therapy is interrupted or because bacilli have become 
predominantly resistant. It is not profitable, therefore, to consider the 
efficacy of streptomycin in the treatment of pulmonary tuberculosis except 
m terms of the pathologic characteristics of individual lesions. For eval- 
uating therapeutic results, it appears best to classify pulmonary lesions 
according to the relative preponderance of two general components: the 
bronchopneumonic and the cavitary. This distinction is designed to cor- 
respond to the essentially prenecrotic and the necrotic lesion respectively. 
Admittedly, this is an oversimplification of the actual conditions in in- 
dividual lesions, since bronchopneumonic areas may include necrotic foci 
of smaller or larger extent, and conversely, relative little necrosis may be 
present in cavitary lesions beyond the immediate “cavity wall.” The 
division, however, is useful. Thus, the total pulmonary pathology of a 
jiaticnt may consist almost exclusively of a large cavity plus a small bron- 
cliogenic metaslasis, the latter having been the immediate indication for 
streptomycin therapy. Or, the total lesion may be made up to widespread 
bilateral bronchogenic metastases which originated from a relatively small 
area of cavitation. Wien favorable changes in the total pulmonary disease 
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streptomycin therapy. Not all clinical varieties of tuberculosis lend them- 
selves to this type of study. In the case of tuberculous sinuses, for example, 
the therapeutic results are so excellent that bacilli can be recovered only 
rarely during the course of streptomycin therapy. In the treatment of 
meningitis, on the other hand, the peculiar anatomical features of the 
lesion tend to obscure exact relationships between the sensitivity of bacilli 
and clinical changes. In the discussion that follows, data derived from 
treatment of pulmonary tuberculosis with streptomycin are utilized almost 
exclusively. The progress of this lesion can be followed wdth relatne 
accuracy by serial roentgenograms; and bacilli are obtainable for study in 
most cases. Moreover, patients who receive streptomycin continuously 
for 4 months illustrate best the clinical significance of the sensitivity of 
organisms during therapy. In those who discharge organisms throughout 
the treatment period, the incidence of bacillary resistance to streptomycin 
is high, and the duration of therapy allows ample opportunity to observe 
the behavior of lesions. That group of patients, on the other hand, who 
receive shorter courses of streptomycin (30 or 42 days) is not particularly 
productive from this point of view. 

THEnAPEUTic Results and Bacillahy Resistance 

The value of a new therapeutic method for the treatment of pulmonary 
tuberculosis is difficult to assess, since the course of the disease is no- 
toriously impredictable in many instances. It was assumed from the 
beginning that the efficacy' of streptomycin would best be demonstrated by 
administration of the drug to patients who had not improved by time-tried 
measures, more especially bed rest. The patients, therefore, who have 
contributed to our knowledge of streptomycin are a special group. One 
may infer that their native resistance to tuberculosis is low er than that oi 
the average individual who acquires clinical tuberculosis, and that this 
relative immunologic deficiency may be reflected by the results of a type o 
therapy that is not definitive. 

In addition, therapeutic results are intimately related to the patholo^c 
characteristics of tuberculous lesions with their individual mherent tend- 
ency either to heal or to remam relatively indolent. In contrast to pneu- 
mococcus pneumonia, the tuberculous pulmonary lesion may be charac- 
terized by caseation necrosis that is absorbed only with difficulty over a 
long period. ^Vhen bacilli witJiin a predominantly necrotic lesion are 
suppressed, healing, in the strict pathologic sense of the word, docs not 
occur unless absorption, evacuation, or organization follows. It is difficu 
for the host to dispose of the necrotic debris efficiently, and it may remain 
virtually without change over a long period of time. The inhibition o 
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therapy affords during the early weeks of treatment in almost every case. 
If resistant bacilli occur within the lesion after that, it is probable that 
favorable changes continue b}' virtue of the immunologic mechanisms of 
the host acting on bacilli, irrespective of their streptomycin-fastness or 
sensitivity, preventing their multiplication, and perhaps destroying many 
of them. It may be possible that the reduction of the total bacillary 
population of these lesions to numbers small enough to be dealt with effec- 
tively by the host, prevents the emei^cncc of resistant strains. This would 
explain the low incidence of such bacilli actually observed in cases ^\hose 
total pulmonary pathology consisted almost exclusively of scattered bron- 
chopneumonic lesions. 

Results in predominantly cavitary lesions seem also to be related more 
closely to the presence of necrotic foci tluin to the sensitixdty of organisms. 
The converse of what was said above applies here. These lesions have 
relatively little tendency to heal during several months of therapy, whether 
or not bacilli are resistant to streptomycin. Thus, there is a low incidence 
of cavity closure even in those patients whose organisms retain sensitivity 
during 4 months of therapy. Many cavities arc “lost to view,” only to 
make their appearance when therapy is interrupted. 

The higher mcidence of resistant bacilli in patients whoso total pul- 
monary lesion is largely cavitary is most probably related to the relative 
inability of necrotic foci to suppress bacillary multiplication. During the 
period of bacillary sensitivity that precedes the appearance of lesistant 
organisms, the exudate, often relatively acellular, in such foci is apparently 
unable to destroy a few remaining bacilli, which presumably then become 
the progenitors of resistant strains. 

The emphasis upon the pathologic features of lesions and the e.xpectcd 
results of streptomycin therapy is not intended to minimize the importance 
of bacillary resistance. During the first course of tlicrapy, both time and 
the potentialities of the tuberculous lesion determine the significance of 
resistant bacilli. In prenecrotic lesions, the rate of favorable change during 
the initial period of bacillary sensitivity tends partly to offset the potential 
disiidvantages of the subsequent cmei^ence of resistant bacilli; whereas 
in necrotic lesions, the maintenance of sensitivity tliroughout 4 months of 
theiapy is but a limited therapeutic asset because of the inherent reluctance 
of the lesions to heal. 

\V]u*n the ictieatment of patients in relapse is discussed, gieat stress will 
be placed upon the fact of bacilharj* resistance to sticptomycin. It may bo 
wondered how the retreatment of patients with resistant organisms differs 
from the continuation of streptomycin administration after bacilli become 
re.sistant. When a patient whose organisms arc predominantly resistant 
sulTei'' a new broncliogcnie mel.rstaH.s, it can be a-'iitned that resistant 
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are evaluated in such divergent pathologic types, the results of streptomj cia 
therapy will be markedly difTerent, as is well known. 

Correlations betw een therapeutic results, predominant pathologic tipes, 
and the emergence of resistant bacilli are shown by an analysis of forty-ax 
patients \vho received streptomycin continuously for 4 months in doses of 
1.0 and 0.5 gm daily (table 36). Each patient is listed according tolus 
relative roentgcnographic improvement in the group as a whole. The first 
patient in the table showed the greatest improvement during 4 months as 
measured by a comparison between the roentgenogram prior to therapy and 
that obtained at the end of therapy. The last patient improved least. 
There is a general correlation, first of all, between the types of pulmonarj’ 
lesions and therapeutic results. Lesions consisting of a predominantly 
bronchopneumonic component showed the greatest improvement; those 
with a large cavitary component were not so favorably influenced. More- 
over, patients who experienced the greatest improvement exhibited a lower 
incidence and low cr ranges of bacillary resistance. Patients who improved 
least, on the other hand, revealed a higher incidence of resistant bacilli. 
Three factors, therefore, are correlated: therapeutic results, type of pre- 
dominant pulmonary pathology, and incidence of resistant bacilli. 

How these throe factors are related to one another is a matter ^ the 
greatest importance for an understanding of the part played by resistant 
bacilli during streptomycin therapy. In considering the results of therapy, 
it would appear tliat the pathologic cliaracter of the lesion is of paramoun 
importance. Recent bronchopneumonic lesions appear to respond «e 
and to remain improved, irrespective of the sensitivity of bacilli to strep- 
tomycin in vitro. Approximately 80 per cent of patients with pulmonar} 
tuberculosis who were treated for 4 months in the Veterans Administration 


Study Units (2) liave shown varying grades of improvement roentgeno- 
graphically In this investigation, the occurrence of recent bronc o 
pneumonic lesions largely determined the selection of patients for therap}. 
and It must be assumed that the high incidence of improvement in t e 
group as a whole repicbcntod favorable changes in this type of Icsioa- 
This point is of great significance when it is realized that resistant ' 
were recovered from the great majority of patients tieatcd for that Icngt 
of time. One is forced to conclude, therefore, that the emergence 
bacilli is not an mvanalily unfavorable influence upon the beliavior oft e 
recent bronchopneumonic lesion duimg a finst course of therapy, i nis ng 
rate of improvement associated wath the high incidence or resistant baci | 
has probably been the cause for doubt m the minds of some as to the clmica 


j,^r.r.T^onrp of the phenomenon of bacillarv- resistance. 
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therapy affords during the early weeks of treatment in almost every case. 
If resistant bacilli occur within the lesion after that, it is probable that 
favorable changes continue by virtue of the immunologic mechanisms of 
tlie liost acting on bacilli, irrespective of their stieptomycin-fastness or 
isensitivity, preventing their multiplication, and perhaps dcstioying many 
of them. It may be possible that the reduction of the total bacillary 
population of these lesions to numbers small enough to be dealt with effec- 
tively by the host, prevents the emergence of resistant strains. This would 
explain the low incidence of such bacilli actually observed in cases whoso 
total pulmonary pathology consisted almost exclusively of scattered bron- 
chopneumonic lesions. 

Results in predominantly cavitary lesions seem also to be related more 
closely to the presence of necrotic foci than to the sensitivity of organisms. 
The converse of what was said above applies here. These lesions have 
relatively little tendency to heal during several months of therapy, whether 
or not bacilli are resistant to streptomycin. Thus, there is a low incidence 
of cavity closure even in those patients whose organisms retain sensitivity 
during 4 months of therapy. Many cavities are "lost to view,” only to 
make their appearance when therapy is interrupted. 

The higher incidence of resistant bacilli in patients whose total pul- 
monary lesion is largely cavitary is most probably related to the relative 
inability of necrotic foci to suppress bacillary multiplication. During the 
period of bacillary sensitivity that precedes the appearance of lesistant 
organisms, the e.xudate, often relatively acellular, in such foci is apparently 
unable to destroy a few remaining bacilli, which presumably then become 
the progenitors of resistant strains. 

The emphasis upon the pathologic features of lesions and the expected 
lesults of streptomycin therapy is not intended to minimize the importance 
of bacillary resistance. During the first course of therapy, both time and 
the potentialities of the tuberculous lesion determine the significance of 
icsistant bacilli. In prenecrotic lesions, the rate of favorable cliange during 
the initial period of bacillary sensitivity tends partly to offset the potential 
ilisiulvantagcs of tlic subsequent emergence of resistant bacilli; whereas 
in necrotic lesions, the maintenance of sensitivity tliroughout 4 months of 
therapy is but a limited therapeutic asset because of the inherent iclucfancc 
of the lesions to heal. 

Wlicii the leticatmeiit of patients in iclapse is discussed, gieat sticss will 
be placed ujion the fact of bacillary resistance to streptomycin. It may be 
womleriHl how the retreatment of patients with resistant organisms differs 
from the eontimiation of stioptomyciii administration after bacilli become 
ix'sistant. Wien a patient whose organisms arc predominantly resistant 
.Milferi .1 new bronchogenic melastuMS, it ran l>e avvinned that resistant 



CorrcIafio'K of therapeutic results, predominant pathology, and bacillary resistance tn forty-six cases of pulmonary tuberculosis treated 
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N — denotes negative sputum or gastric cultures. 
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bacilli are present within the new leoion. The pathologic cliaracter of 
the new focus is not distinctive and is, so far as is known, capable of com- 
plete resolution. Healing, however, must be brought about by the natural 
defense mechanisms of the host — attributes whichare likely to be ineffectual, 
since, at some time in the past, the same patient showed limited ability to 
control his disease, and for that vei^' reason became a candidate for strep- 
tomycin therapy. The importance of bacillary resistance here is precisely 
this: that bacilli within the new lesion cannot be quickly inhibited during 
the prenecrotic phase by the use of streptomycin; nor can bacilli be sup- 
pressed m the area which was the source of the metastasis, and further 
extensions of disease may occur. 

In the case of continuous streptomy'cin administration to the patient 
whose organisms have become resistant, the situation is quite different. 
During the period of bacillary' .sensitivity early in the course of therapy, 
the inhibition of bacilli by streptomycin tends to prevent the progression 
of recent lesions to the necrotic phase. These gains are then njaintained 
and furthered by innate capacity of the lesions to heal, whether or not 
bacilli become resistant. The distinction between these two situations is 
largely one of time. 

Finally, the possibility that unfavorable changes occurring during bacil- 
lary resistance may be directly referable to the greater virulence of resistant 
bacilli should be mentioned. There is an occasional patient whose disease 
appears to progress especially rapidly during the latter part of therapy, 
after bacillary sensitivity has been lost. Steenken (3) has shown that 
guinea pigs inoculated with resistant organisms and treated with strei>- 
tomycin died sooner than controls infected with similar strains. The 
fact that streptomycin-enhanced tubercle bacilli e.xist also contributes to 
the suspicion that continued therapy may be deterimental (4). .A^vailab c 
clinical data, how ever, do not warrant the conclusion that the pathogenicity 
of resistant bacilli is mcreasetl in the piesence of streptomycin. The point 
should receive fiirtlier study 


SlMPTOM.\TOLOGY .VXD THE SENSITIVITY OP BACILLI 
Decrease in cough and sputum volume, a decline in fever, and gain m 
weight during the first 2 months of streptomycin therapy' have been fre- 
quently observed. ^Mien therapy is contmueil for 4 months, symptomatic 
deterioration occurs m a sigmficant pioportion of patients. It is aImo^ 
invariably associated with the appearance of resistant organisms tn n/re 
The converse, however, is not necessarily tiue Patients who harbor 
reristant organisms may' eontmue to improve and exhibit no symptomatic 
evidence of bacillary’ resistance 
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N’o generalizations can be made about the clinical significance of the 
association. Patients w ho have a recurrence of one or more symptoms maj' 
yet profit a gieat deal from therapy hfuch depends on the behavior of 
those lesions to\vard \Yhich therapy is directed. We have seen the lesions 
which prompted therapy continue to improve when the reappearance of 
symptoms, such as cough and increased sputum volume, uas undoubtedly 
due to unfavorable changes m a lai^e cavitary area. Tliese changes \veie 
associated witii the emergence of resistant bacilli. The correlation in time 
betMeen unfavorable symptomatic changes and emergence of lesistant 
bacilli is important in that it serves to emphasize the usefulness of labora- 
tory methods in determining the sensitivity of organisms in vivo. 

Cavitary Lesions and Bacillary Sensitivity 

It has been frequently noted that cavities decrease m size during the 
first few weeks of streptomycin therapy. This favorable change appears to 
occur irrespective of the known duration of the lesion and is so commonly 
observed as to be e.\pected in the great majority of patients treated. Simul- 
taneous with the reduction in cavity size, icsolution and better definition 
of the shadows constituting the so-called cavity wall may occur. 

With the emergence of resistant bacilli in vilro, an appreciable propor- 
tion of cavities begin to eiilaige, and some attain their former size. On 
the other hand, such onlaigement, in our experience, is almost never ob- 
served during treatment w hen bacilli retain sensitivity. The temporal rela- 
tionship between the unfavorable behavior of cavities and the emergence of 
iGsistant bacilli is so striking as to allow one to anticipate confidently the 
laboratory’s demonstration of such changes in the sensitivity of bacilli in 
vitro. The correlation has validity irrespective of the mechanism respon- 
sible for cavity enlargement: whether it is due to changes in the lesion com- 
posing the cavity wall or to changes in the bronchus to the segment in 
w hich tile cavity is located . It is unlikely that resistant bacilli are in them- 
selves the direct causative factor. Rather, it is more probable that this 
type of predominantly necrotic lesion resumes its former potentialities w hen 
liaeilli within it arc no longer inhibited by streptomycin. 

It iM pertinent to inquire whether the relatively low incidence of cavity 
closure <lunng streptomycin therapy is related to the phenomenon of bacil- 
lary resistance. This question cannot be s.itisfactoriIy answeml at the 
moment, since administration of streptomycin over a long period results in 
ji loss of bacillary' sensitivity in the great majority of patients; and it Is 
reasonable to suppose tliat long-continued bacillary suppression wouUl be 
necessary to inlluence definitively this essentially necrotic lesion. It may 
be addl'd, however, that the incidence of cavity closure is also low among 
these patients whose organisms retain sensitivity during 1 months of con- 
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tinuous therapy. It is probably that the character of the lesion is the more 
important factor in the failure of cavities to close completely in the rela- 
tively short time during which streptomycin is effective. 

The increase in cavity size during treatment contemporaneously with the 
appearance of resistant bacilli m vitro is of variable clinical significance. 
In some instances the change is rather trivial and is significant only as 
evidence that resistant bacilli have developed in appreciable numbers. On 
the other hand, there are patients who seem to lose ground because of such 
changes. There is a time during therapy when cavities are at their small- 
est; and, in retrospect, it has appeared as though this would have been the 
most opportune time for the institution of collapse therapy, especial/)' 
thoracoplasty. 

Although it may seem that the optimum time for thoracoplasty m the^ 
individuals has passed, the validity of this assumption must await further 
investigation. It is problematical whether patients are actually good can- 
didates for this procedure because lesions appear roentgenograpbicallj 
feasible for thoracoplasty during or after streptomycin therapy. Iq 
usual course of events, most patients become acceptable for thoracoplastj 
by virtue of their native resistance to tuberculosis. The ver>’ fact that 
they are able to attain relative stability indicates that immunologica 
mechanisms aie at least adequate to that degree. In many instances, 
lesions are quiescent, and surgical collapse measures are, in a sense, a 
method of controlling a potentially hazardous architectural defect, namel), 
cavitation. On the other hand, it is possible that lesions which appcJ*' 
to have become roentgenographically suitable for thoracoplasty becaujc 
large cavities have become smaller and because collateral infiltration as 
largely resolved during streptomycm therapy, may not be definitely con 
trolled by thoracoplasty. The native resistance of patients who have been 
selected for streptomycin therapy because lesions have progressed during a 
regimen of bed rest is, in all probability, less than that of patients who haic 
the capacity to stabilize their disease. It is likely that this relative lac o 
native resistance to tuberculosis will manifest itself subsequently e^cu 
though lesions have been enclosed within an anatomically adequate thoraco- 
plasty. Studies that w ill contribute data toward an answer to this ^ erj 
important question are in progress (5). 

Relapses and BACiLn.\RY Sexsitiviti' 

The unfavorable changes that are observed during and follow ing strep 
tomycin therapy may be of several kinds and of variable imporUnce. 
Their temporal relationship lo bacillary resistance appears to be unmis a 

able. As was mentioned previously, symptomatic relapse was not^ rc 

quently contemporaneously with, and following, the demonstration o 
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resistant bacilli in individual patients. In our experience, symptomatic 
deterioration in patients whose organisms retain sensitivity is a distinct 
rarity. 

The enlargement of cavities observed durmg the development of bacillary 
resistance may be considered a variety of roentgenographic relapse. The 
incidence of this event is high, and, as mentioned in a previous paragraph, 
may or may not be therapeutically important. Local bronchogenic exten- 
tions of disease adjacent to enlarged cavities occur with less frequency. 
Such changes in the size of cavity and in the lung adjacent to cavity arc 
frequently not recorded as relapses. This is largely a question of termin- 
ology. 
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If only bronchogenic mctastascs to parts of the lung which were pre- 
viously uninvolvcd are considered relapses, then their incidence during 
therapy is decidedly low. This type of relapse is illustrated in figure GO. 
In all probability, it is this variety of relapse that was recorded in the series 
of patients, reported in the Minutes of the Fifth Streptomycin Conference 
of the ^ etcrans Administration (2). Here the incidence of relapse during 
therapy in two groups of patients, 375 treated with 1.8 gni daily, and 39S 
who received 1.0 gni daily, was 6.9 per cent and 0.5 jier cent respectively. 
The infrequency of this type of relapse during therapy is, of course, of 
great significance, for patients who exiicriciicc them arc, in many instances, 
worse than prior to streptomycin thcrap 3 '. In contrast, those who experi- 
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tinuous tlicrapy. It is probably that the character of the lesion is the more 
important factor in the failure of cavities to close completely in the rela- 
tively short time during which streptomycin is clTcctive. 

llie increase in cavity size during treatment contemporaneously ttith the 
appearance of resistant bacilli in vitro is of variable clinical significance. 
In some instances the change is rather trivial and is significant only as 
evidence that resistant bacilli liavc ilcvelopcd in appreciable numbers. On 
the other hand, there are patients who seem to lose ground because of such 
changes. There is a time during therapy when cavities are at their small- 
est; and, in retrospect, it lias ap{)care<l as though this would have been the 
most opportune time for the institution of collapse therapy, especially 
thoracoplasty. 

Although it may seem that the optimum time for thoracoplasty in these 
individuals has passed, the validity of this assumption must await further 
investigation. It is problematical whether p-atients are actually good can- 
didates for tliis procedure because lesions appear roentgcnographically 
feasible for thoracoplasty during or after streptomycin therapy. In 
usual course of events, most patients l>ccome acceptable for thoracoplastj 
by virtue of their native resistance to tuljcrculosis. Tlie ver}' fact that 
they are able to attain rehiUvc stability indicates that immunological 
mechanisms arc at least nde(|uate to that ilcgrec. In many instances, 
lesions arc quiescent, and surgical collaj)se measures are, in a sense, a 
method of controlling a potentially hazardous architectural defect, namel>. 
cavitation. On the other land, it is possible that lesions which appear 
to have become roentgcnographically suitable for thoracoplasty because 
large cavities have become smaller and Ix^causc collateral infiltration has 
largely resolved during streptomycin therapy, may not be definitely con- 
trolled by thoracoplasty. The native resistance of patients who have been 
selected for streptomycin therapy because lesions have progresicd durmga 
regimen of bed rest is, in all probability, loss tlan tliat of patients w ho hai c 
the capacity to stabilize their disease. It is likely that this relative lack o 
native resistance to tuberculosis will manifest itself subsequently e\en 
though lesions have been enclosed within an anatomically adequate thoraco- 
plasty. Studies that will contribute data toward an answer to this verj 
important question are m progress (5). 

Relapses axd Bacillarv Sensitivity 

The unfavorable changes that are observed during and following strep 
tomycin therapy may be of several kinds and of variable importance. 
Their temporal relationship to bacillaij' resistance appears to be unmista 
able. As was mentioned prevnously, symptomatic relapse was not^ ire' 
quently contemporaneously with, and following, the demonstration o 
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resistant bacilli in individual patients. In our experience, symptomatic 
deterioration in patients whose organisms retain sensitivity is a distinct 
rarity. 

The enlargement of cavities observed during the development of bacillary 
resistance may be considered a variety of roentgenographic relapse. The 
incidence of this event is high, and, as mentioned in a previous paragraph, 
may or may not be therapeutically important. Local bronchogenic cxten- 
tions of disease adjacent to enlarged cavities occur with less frequency. 
Such changes in the size of cavity and in the lung adjacent to cavity are 
frequently not recorded as relapses. This is largely a question of termin- 
ology. 



Fiq. go. a and B illustrate progression of disease during a first course of strepto- 
tnycin. Organisms were resistant to over 1000 nig of streptomycin per milliliter 
of medium on 67th day. 

If only bronchogenic raetastascs to parts of the lung whicli were pre- 
viously uuinvolvcd arc considered as relapses, then their incidence during 
therapy is decidedly low. This type of relapac is illustrated in figure CO. 
In all probability, it is this variety of relapse that w as recorded in the scries 
of patients, reported in the Minutes of the Fifth Streptomycin Conference 
of the Veterans Administration (2). Here the incidence of relapse during 
therapy in two groups of patients, 375 treated with 1 8 gm daily, and 398 
who n.“ceivcd 1.0 gm daily, was 6 9 per cent and 9.5 per cent respectively. 
The infrequency of this type of rclaps>e during therapy is, of cours>o, of 
great bignificancc, for patients who experience them are, in many instances, 
worse than prior to streptomycin therapy. In contrast, those who c.vpcri- 
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tinuous therapy. It \s probably that the character of the lesioa is the more 
important factor in the failure of cavities to close completely in the rela- 
tively short time during which streptomycin is cfTcctive. 

The increase in cavity size during treatment contemporaneously with the 
appearance of resistant b.acilli m vitro is of variable clinical significance. 
In some instances the change is rather trivial and is significant only as 
evidence that resistant bacilli liavc dcvcloi>ed in appreciable numbers. On 
the other liand, there are patients who seem to lose ground because of such 
changes. There is a time during therapy when cavities are at their small- 
est; and, in retrospect, it Ims appeared as though this would have been the 
most opportune time for the institution of collapse therapy, especially 


thoracoplasty. 

Although it may' seem that the optimum time for thoracoplasty in therf 
individuals lias passed, the validity of this assumption must await further 
investigation. It is probicmaticjd whether patients arc actually good can- 
didates for this procedure because lesions appear rocntgenographicallj 
feasible for thoracoplasty <luring or after streptomycin therapy. In 
usual course of events, most patients l)ecomc acceptable for thoracoplastj 
by virtue of their native resistance to tuberculosis. The very fact that 
they are able to attain iclalive stability indicates that imraunologica 
mechanisms arc at least aticquate to that tlcgrec. In many’ instances, 


lesions are quiescent, and surgical collapse measures are, in a sense, ^ 
method of controlling a potentially Imzattlous architectural defect, namely* 
cavitation. On the other liand, it is possible that lesions which appw'’ 
to have become roentgenographically suitable for thoracoplasty because 
large cavities have become smaller and because collateral infiltration a 
largely resolved during streptomycin therapy', may not be definitely con 
trolled by thoracoplasty’. Tlic native resistance of patients who have been 
selected for streptomycin therapy because lesions have progressed during n 
regimen of bed rest is, in all probability', less tlian that of patients who have 
the capacity to stabilize their disease. It is likely that this relative lac o 
native resistance to tuberculosis will manifest itself subsequently’ 


though lesions have been enclosed within an anatomically adequate thoraco- 
plasty Studies that will contribute data toward an answer to this very 


important question are in prepress (5). 


Relapses and Bacillary Sensitivity 
The unfavorable changes that are observed during and following strep 
tomycin therapy may be of several kinds and of variable importance. 
Their temporal relationship to bacillary lesistance appears to be unmis a 
able. As was mentioned previously, symptomatic relapse was noted re 
quently contemporaneously wnth, and following, the demonstration o 
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occurred in 22.8 per cent, and 77.2 per cent were unchanged or worse. 
Though data did not permit correlation between therapeutic efficacy and 
bacillary sensitivity in individual patients, it is, nevertheless, significant 
that the incidence of bacillary resistance in the group of patients from which 
the thirty-five were selected for retreatment was approximately 80 per cent. 
In the series of patients originally treated with 1.0 gm of streptomycin for 
4 months, thirteen were subsequently retreated. Of these, 38.5 per cent 
improved, and 61,5 per cent were unchanged or worse. The incidence of 
bacillary resistance in the original group of patients was 65 per cent. The 
correspondence between the incidence of bacillary resistance in both series 
and the incidence of unfavorable results following retreatment appears to be 
significant. 

Among the patients with pulmonary tuberculosis studied at Sunmount, 
nineteen were retreated because of relapses. Of these, fifteen had pie- 
viously received continuous streptomycin for 4 months, and the duration 
of the first course had been 42 to CO days in the remaining four. The 
lesults of retreatment, correlated with the degree of bacillary resistance, 
the duration of retreatment, and the daily dosage of streptomycin arc 
shown in table 37. 

It will be noted that those patients whose organisms were highly resistant 
tn vitro failed to respond favorably in every instance. The ineffectiveness 
of retreatment was evidenced by continued progression of the lesions roent- 
genographically, by a lack of symptomatic improvement, continued loss of 
weight, and sustained fever. All eventually died of progressive tuber- 
culosis. The roentgenographic progress of the disease in one such patient 
is illustrated in figure Gl. 

Patients whose organisms exhibited intermediate degrees of resistance tn 
vitro showed varying degrees of improvement. Several, however, did not 
improve at all. One patient who was retreated twice is especial!}' instruc- 
tive. He is illustrated by cases 13 and 14, tabic 37. During the first 
period of retieatment, a right lower lobe cavity of moderate size was “lost 
to view,” and sputum cultures were negative. Approximately 45 days 
later, tlie eavity again made its appearance, and a thiid couriNC of strep- 
tomycin was licgun. Bacilli obtained prior to their course were not in- 
hibited by 15 /xg of streptomycin per milliliter of medium. During tlii.s 
retreatment period the cavity not only failed to become .‘•mailer, but the 
patient suffered a bronchogenic metastasis to the base of the right lung 
(fig. 02) 

ScNcn of eight patients (cases 12, 14, 15, 16, 17, 18, and 20, table 37) 
whoH* organism-5 were sensitive (that is, inhibitcfi by 10 >xg i>cr milliliter 
of metlium) improve<l upon retreatment. In several patients only slight 
roentgenograpUie improvement was noted during approximately 2 months 
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cnee symptomatic relapse and unfavorable changes in and around areas of 
cavity formation may bo greatly improved alien roentgenograms prior fo 
and at the end of therapy are compared. 

It appears likely that the incidence of relapses of all types, s}Tnptomatic 
and roentgcnographic, is associated w ith the presence or absence of necrotic 
foci and, more specifically, cavity formation— lesions tliat show a limited 
tendency to heal during bacillaiy' inhibition by streptomycin. Correlations 
of predominantly cavitary diseai'C, therapeutic rcsulLs, and haciJlary resht- 
ance uere mentioned previously. U is reasonable to include relaprfs 
within these relationships. 

The relapse rate follou ing interruption of streptomycin therapy depends 
on the predominant lyiic of patholog>* originally treated. The relation- 
ship to the sensitivity of bacilli is probably indirect. Patients MhoftiU 
have large areas of cavitation at the cml of therapy liavc the greatest 
chance of relapse. These arc the patients whose organisms are hkely to 
have developed resistance during therapy. On the other hand, the fre- 
quency of relapse m initicnts whoso organisms remain sensitive is certainly 
no less when ureas of cavity’ formation persist after the interruption of 
therapy. 

UnbUtTS OF UETHKATitK.Vr OP P.\TIK.S'TS I.V RklAPSE .\.VD SE.VSITIVirV 
OP J^ACILLI 

Uelapsea may l>e cNpected folIo^Ying the interruption of any form of 
therapy that is not definitive for tuberculosis. It is pertinent to inquire, 
therefore, uliether such relapses can be favorably influenced by a second 
course of slrepiomycin. Therapeutic results in animals inoculated 
resistant bacilli and treated with streptomycin suggested that the retreiit- 
ment of patients in relapse uould not be particularlj' successful if bacilh 
^\e^e predominantly resistant (6, 7). This has been borne out by climcal 
experience JIuschenheim and his associates (8) reported the results ob- 
served in seven patients with pulmonary tuberculosis who relapsed during 
and following the mtorruption of therapy In all seven, bacilli were pre- 
dominantly resistant, and rc-institution or continuation of therapy had 
no appreciable efTect on the course of the disease, which, in all cases, 
terminated fatally. Fisher rf al (<>) retreatetl six relapsed patients when 
organisms w ere resistant to streptomycin and noted no evidence of further 
benefit. 

Data from the ^Imutes of the Fifth Streptomycin Conference (2) oi tne 
Veterans Administration also surest that the results of the retrealment o 
relapses in pulmonary’ tuberculosis are generally unfavorable. Tlnrty-five 
patients who had received a first course of 1.8 gm of streptomj'cin daily for 
4 months were retreated, presumably- because of relapse. Improvemen 
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occurred in 22.8 per cent, and 77.2 per cent were unchanged or worse. 
Though data did not permit correlation between therapeutic efficacy and 
bacillary sensitivity in individual patients, it is, nevertheless, significant 
that the incidence of bacillary resistance in the group of patients from which 
the thirty-five were selected for retreatment w'as approximately 80 per cent. 
In the series of patients originally treated with 1.0 gra of streptomycin for 
4 months, thirteen were subsequently retreated. Of these, 38.5 per cent 
improved, and 61. o per cent were unchanged or worse. The incidence of 
bacillary resistance in the original group of patients was 65 per cent. The 
correspondence between the incidence of bacillary resistance in both senes 
and the incidence of unfavorable results following retieatmcnt appears to be 
significant 

Among the patients with pulmonary tuberculosis studied at Sunmount, 
nineteen were retreated because of relapses. Of these, fifteen had pre- 
viously received continuous streptomycin for 4 months, and the duration 
of the first course had been 42 to 60 days in the remaining four. The 
results of retreatment, correlated with the degree of bacillary resistance, 
the duration of retreatment, and the daily dosage of streptomycin are 
shown in table 37. 

It will bo noted that those patients whose organisms were highly resistant 
vitro failed to respond favorably in every instance. The ine/Tectivenesa 
of retreatment was evidenced by continued progression of the lesions roent- 
genographically, by a lack of symptomatic improvement, continued loss of 
eight, and sustained fever. All eventually died of progressive tuber- 
culosis. The roentgenographic progress of the disease in one such patient 
is illustrated in figure Gl. 

Patients whose organisms exhibited intermediate degrees of resistance tn 
I'ifro showed varying dcgiees of improvement. Several, however, did not 
improve at all. One patient who was retreated twice is especially instruc- 
tive. He IS illustrated by cases 13 and 14, table 37. During the first 
period of letrcatment, a right lower lobe cavity of moderate size was “lost 
to view,” and sputum cultures were negative. Approximately 45 days 
later, the cavity again made its appcaiance, and a third course of strep- 
tomycin was begun Bacilli obtained prior to their course were not in- 
hibited by 15 ^ig of streptomycin per milliliter of medium During this 
retreatment period the cavity not only failcil to become smaller, but the 
patient sufTored a lironchogcnic metastasis to the base of tlie right lung 
dig 02) 

Seven of eight patients (cases 12, 14, lo, 10, 17, IS, and 20, table 37) 
organisms were sensitbe (that i.s, inhibited by 10 pg per milliliter 
of mcHluiin) impro\cd upon retreatment. In Mjver.d p.iticnts only slight 
rocntgenogniphic improvement was notc<I during approximately 2 months 
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in ^nd arouDcI areas of 

and at thr* 1 **f STPatJy improved ulicn rocnfgenograraa prior to 

Jntl at tho end of tlierapy arc compared. 

■in,l'’r™i’r'^ “f relap..cs of all tj-pcs, sjmptomtic 

fn-i “"'S™“8'-“P1‘W. IS .lasocialcd « illi (he presence or absence of nmodc 
c) and, more specifically, cavity formation-lesions that shoir a limited 
tendency to heal during bacillary inhibition by streptomycin. Correlalions 
f predominantly cavitaty disease, therapeutic results, and baciilaij’ resUt- 
ance Mere mentioned previously. It is rca.sonablc to include relap-ss 
u If Inn f Jlc^e relationbhips. 

Ihc relapse rate foIJouing mtermpli'oii of streptomycin therapy depends 
on tho prc<Jommant type of pathologj' originaJIy treatcxl. The relation- 
fchjp to the frciiMtivjty of kacilJi is probably indirect. Patients uho still 
me arge aroab of eavitalioii at the end of therapy have the greafert 
i.ineo o re ap'O. riic>c arc the paticnta uliosc orguni^ms are likely to 
have developed rciUtance during tbenipy. On the otJicr hand, the /re- 
q cno' 0 rclapjo in patients uhosc organi&ms rt'main ecnfeilive is certainly 
therap^ '' of cavity formation pcr>i3t after the interruption of 


Uesults or nETnpmtK.NT or l>.iTiE.vre i.v Reupse .iso SE.s-5mvm- 
OF B.tCILU 

Itelap&es may be o.\pectcd follotviog tJie interruption of any form of 
therapy that is not definitive for tuberculosis. It is pertinent to inquire, 
therefore, %shether sucli relapses can be favorably influenced by a second 
course o streptomycin. Tlierapeutic results in animals inoculated infh 
resistant bacilli and trea(e<l with streptomycin suggested that the refreat- 
ment of patients m relapse would not be particularly successful if bacilli 
were predominantly resistant (G, 7). This has been borne out by clinical 
c.vperience. Muschenheim and his associates (8) reported the results ob- 
served m seven patients with pulmonary tuberculosis nbo relapsed during 
and following the interruption of therapy. In all se\en, bacilli were pre- 
dominantly resistant, and re-institution or continuation of therapy had 
no appreciable effect on the course of the disease, which, in all cases, 
terminated fatally Fisher cl al ( 9 ) retreated siv relapsed patients ivhen 
organisms were resistant to stieptomyrein and noted no evidence of further 
benefit 

Data from the Minutes of tlie Fifth Streptomycin Conference (2) of the 
Veterans Administration also «;uggest that (he results of the retreatiufent of 
relapses in pulmonary tuberculosis are generally unfavorable. Thirty-fi' e 
patients w ho had received a first course of 1 8 gm of streptomycin daily for 
d months were retreated, presumably because of relapse. Improvement 
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of retreatment, but after that, resolution proceedetl to an excellent final 
result. One such patient is illustrated in figure 03. It should bo added 






TABLE 37 


avss 

1 SENsinviik or saolu* 

I>UaAZl02l 

Daily 



Prior to re- 
treatmeat 

End of re- 
treatmcDt 

ixiuaT* 

UCNT 

stur* 

TOI(\ClN 

lUUlXS 

1 

>1000 

>100(1 

daft 

31 

tm 

1.8 

Died 4 .kftcr end of retreatment 


>1000 

>1000 

120 

l.O 

Unimproved. Died 137 dais after 

.3 

>1000 

>1000 

77 

1.0 

retreatment. 

Unimproved. Died 44 davs after 

A 

>1000 

>1000 

42 

1 0 

retreatment, 

Unimproveil. Died 59 dal's after 

5 

>1000 

>1000 

70 

1 0 

end of relroalracnt 

Unimproved Died 6 montlis after 

G 

>1000 

>1000 i 

33 

1 0 

eiiil of retreatment. 

Unimproved. Died during retreat- 

7 1 

61-125 i 

125-250 

; tIR 

1.8 

nieiit. 

Slightly improv ed at first. I’rogres- 

8 

15-31 

31-62 

1 

120 

1.0 

bion of discaac dunngretreatment. 
Died J year later. 

Slightly improved at first Pro- 

9 

10-15 

1 10-15 

42 

1.0 

grossed during retreatment. Die<i 
74 days after retreatment 
Moderate improvement. Thoraco- 

10 

10-15 

10-15 

CO 

l.O 

plasty after conclusion of retreat- 
ment. 

Evccllcnt result 

11 

10-15 

15-31 

CO 

1.0 

Moderate improvement at end of 

12 

5-10 

15-31 

42 

1 0 

rctre.atmcnt. Evcellent resolu- 
tion thereafter 

Slight to moderate improvement 

13 

15-31 

15-31 

44 j 

1 8 

Relapse after retreatment 
Progression of disease during fO' 

U 

0 0-0 3 

Xegative 

54 ] 

1 S 

treatment 

Moderate improvement- Relapsed. 

15 

0 0-0 5 

culture 1 
1 0 

1 

60 1 

1 s 

Retreated again (case 13). 
Moderate improvement. Relapsed 

16 

2 5-5 0 

2 5-5 0 1 

42 

1 0 

again. 

Slight improvement at end of re- 

17 

0 5-10 


42 

1.8 

treatment. Excellent improve- 

ment thereafter 

Excellent result Followed by pneu- 

18 

1 0-2 5 

1 0-2 6 1 

Negative ' 

42 

1 0 

mothorax. 

Moderate improvenient. 

19 

1 0-2 5 

culture 1 
15-31 

120 

1 0 1 

Progressive disease during retreat- 

20 

2 5-5 0 

1 

15-31 1 

1 

140 

1 

1.0 ! . 

ment Died 44 days after retreat- 

ment 

Excellent result Thoracoplasty. 


L 


L 

Died 1 year later of fatal hemor- 
rhage. 


first figure in each column represents the highest concentration of streptomycin 
that permitted growth of bacilli , the second figure, the lowest concentration that in- 


hibited growth. 



RESISTANCE IN TUBERCULOSIS THERAPY 


349 


originally treated with streptomycin. That is to say, lesions that were not 
characterized by large areas of cavity formation improved most during 
the first course of streptomycin therapy, the bacilli tended to remain 
sensitive, and relapses, when they occurred, were in general less extensive. 
One patient (case 19, table 37; fig. 64) whose organisms were predomi- 
nantly sensitive at the start of retreatment progressed unfavorably though 
bacilli attained but a low range of resistance. This result was in great 
contrast to that obtained m another patient, the sensitivity of whose organ- 
isms was almost exactly similar (case 20, table 37). The dissimilar thera- 
peutic results in these individuals were probably due to such variables as 



Fio. &4. A and B (case 19, table 37) illustrate (he progression of disease in a patient 
who received a second course of streptomycin at a time when bacilli were predomi- 
nantly sensitive. Note the intermediate range of resistance of bacilli at end of re* 
ttreament. 

the proportions of resistant and sensitive strains within their total bacillary 
population, the absolute number of organisms, the site of the bronchogenic 
mctastascs constituting the relapse, and the native resistance of each to 
tuberculosis. It is significant that in the case of patient 20 the new disease 
for which retreatment was instituted was at the base of the lung — a site 
which favors resolution. 

The sensitivity of bacilli recovered from these patients was detennined 
in liquid synthetic media. This method does not reveal the relative pro- 
portions of scnsitiN e and resistant organisms. Unpublished data, how c\ cr, 
mdicalo an excellent relationship between the ranges of resistance obtainc<l 
with this medium and the distribution of sensitive and resistant organisms 
as demonstrated by the use of solid media in which varj'ing concentrations 
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originally treated with streptomycin. That is to say, lesions that were not 
characterized by large areas of cavity formation improved most during 
the first course of streptomycin therapy, the bacilli tended to remain 
sensitive, and relapses, when they occurred, were in general less extensive. 

One patient (case 19, table 37; fig. 64) whose organisms were predomi- 
nantly sensitive at the start of rctreatment progressed unfavorably though 
bacilli attained but a low range of resistance. This result was in great 
contrast to that obtained in another patient, the sensitivity of whose organ- 
isms was almost exactly similar (case 20, table 37). The dissimilar thera- 
peutic results in these individuals were probably due to such variables as 



ttreament. 

the proportions of resistant and sensitive strains witliin their total bacillary 
population, the absolute number of organisms, the site of the bronchogenic 
mctastascs constituting the relapse, and the native resistance of each to 
tuberculosis. It is significant that in the case of patient 20 the new disease 
for which retreatment was institutcil was at the base of the lung — a site 
which favors resolution. 

Tlie sensitivity of bacilli recovered from these patients was determined 
in liquid synthetic media. This method docs not re\cal the relative pro- 
portions of sensitive and resistant organisms. Unpublished data, how ever, 
indicate an excellent relationship between the ranges of resistance obtained 
w ith this medium and the distribution of sensitive and resistant organisms 
as demonstrated by the use of solid media in which varj’ing concentrations 
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originally treated with streptomycin. That is to say, lesions that were not 
characterized by large areas of cavity formation improved most during 
the first course of stieptomycin therapy, the bacilli tended to remain 
sensitive, and relapses, when they occurred, were in general less extensive. 

One patient (case 19, table 37; fig. (U) whose organisms were predomi- 
nantly sensitive at the start of retreatment progressed unfavorably though 
bacilli attained but a low range of resistance. This result was in great 
contrast to that obtained in another patient, the sensitivity of whose organ- 
isms was almost exactly similar (case 20, table 37). The dissimilar thera- 
peutic results m these individuals were probably due to such variables as 



Fia.64. 
ho receive 
nantly sens 
ttreament. 

the proportions of resistant and sensitive strains within their total bacillary 
population, the absolute number of organisms, the site of the bronchogenic 
metastascs constituting the relapse, and the native resistance of each to 
tuberculosis. It is significant that m the case of patient 20 the new disease 
for which retreatment was instituted was at the base of the lung — a site 
which favors resolution. 

The sensitivity of bacilli recovered from these patients was determined 
m liquid synthetic media. This method docs not reveal the relative pro- 
portions of sensitive and resistant organisms. Unpublished data, how ever, 
indicate an cxccUeril relationship between the ranges of resistance obtained 
with this medium and the distribution of sensitive and resistant organisms 
as demonstrated by the use of solid media in which vurj’ing concentrations 
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Patients whose bacilli become highly resistant to streptomycin early in 
the course of 4 months of streptomycin therapy improve less than those 
whose organisms retain sensitivity m vitro. The predominant pathologic 
types of lesions, incidence of bacillary sensitivity, and therapeutic results 
show a general correlation. 

Patients \vhose organisms become highly resistant during a first course 
of streptomycin do not respond favorably when retreated during relapse. 
Patients whose organisms are in the intermediate ranges of resistance may 
or may not be benefited. Those whose organisms are sensitive characteris- 
tically improve during retrcatment. 

The importance of the development of bacillary resistance to strep 
tomycin cannot be overemphasized. The disadvantages of the loss of 
bacillary sensitivity to streptomycin are most readily appreciated by the 
results of the retrcatment of patients in relapse 
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of streptomycin arc incorporated. These data indicate tl^at^\ hen a culture 
includes organisms resistant to high concentrations of streptomycin, a verj' 
great proportion of the total culture is highly resistant. On the other hand, 
cultures that show intermediate ranges of resistance in liquid media (such 
as growth in 15pg/ml and inhibition by 31 /ig/ml) include a large number of 
sensitive bacilli and a variable proportion of intermediate and highly 
resistant bacilli. This newer method of testing the sensitivity of bacilli 
will undoubtedly help to explain why individual patients whose organisms 
are in the intennediate ranges of resistance may or may not respond favor- 
ably to a second course of streptomycin. 

The factor of relapsing disease must be emphasized. The patient who 
relapses indicates the need for additional measures and demonstrates best 
the efficacy of subsequent therapy, in this instance, streptom 3 ’cin. The 
response of patients who receive retroatment during a period of relative 
quiescence is almost impossible to evaluate and may obscure the significance 
of bacillary resistance. 

The ineffectiveness of streptomycin in the retreatment of patients who 
harbor liighly icsistunt organisms stands out as the major limitation of this 
tuberculostatic agent. The fact is of ovciavlielming significance when it is 
realized that most patients develop resistant organisms after but 4 months 


streptomycin for the treatment of pulmonary tuberculosis suggests three 
general principles w Inch should govern its use : First, streptomycin is highly 
inadvisable in the treatment of those patients whose disease can be con- 
trolled without great risk by conventional types of therapy. Secondly, 
when streptomycin is deemed ncccssaiy for the treatment of progresswe 
pulmonary lesions, the duration of therapy should be such as to prevent a 
high incidence of bacillary resistance. The shorter courses of therapy, 
now advocated, and interrupted therapy, now being investigated, are 
designed to this end. v\nd finally, it appears reasonable to institute col- 
lapse therapy during or soon after the cessation of therapj’ in order to 
consolidate whatever gains have been made This approach should be 
attempted, smee the picsistcncc of cavities appears to be largely responsible 
for relapses. 


SUMMAIIY 

The sensitivity of tubercle bacilh to streptomycin tn vitro accuratelj 
reflects the sensitivity of organisms in vivo. There are significant correla- 
tions between the sensitivity of bacilli and symptomatic and roentgeno- 
graphic changes observed during therapy. 
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4. Long bones, mastoids, and middle ear 

5. Meninges 

6. Traumatic wounds and burns 

Problems of Evaluation of Drug Therapy in Septicemia 

A definitive sign of septicemia is culture proved bacteremia. Serial 
blood cultures following administration of the antibiotic are a key to the 
effectiveness of treatment. Blood cultures, however, cannot be used ex- 
clusively in the evaluation of treatment, because of limitations: (a) the 
number of such cultures before and after the onset of therapy is usually 
too few; (b) false “positives” due to contaminants, and false “negatives” 
due to bacteriostasis from circulating antibiotic or to cultures talcen at inter- 
vals between septic sho^\ers, may give erroneous information of the role 
played by the therapeutic agent. 

TABLE 38 


Senstnvtij/ of gram-posiltve cocci to strcplomyctn and pemctlltn* 
(FiUer-disc agar*plate test) 



MUMBEt or 
CASES 

TENICUllX- 

BESISTANT 

STBEPTO^CW- 

6ESSIIIVE 

PENICIUIV- 

BESISTANT 

Hemolytic iS aureus 

323 

67 (23%) 

40 (60%) 

Gamma-Hemolytic Streptococci 

54 

25 (46So) 

8 (32%) 

Ucta-Hemolytic Streptococci 

108 

15 (14%) 

2 (13%) 

Alph.a-IIemolytic Streptococci 

39 

16 (41%) 

1 (7%) • 


• Data compiled from Surgical llcscarch Unit, Bacteriology Section, Brooke 
Ucncral Hospital, Fort Sam Houston, Texas. 


After establishment of bactcicmia by blood culture, the relation of 
changes in fever pattern and to.xic manifestations to admini.stration of ding 
helps evaluate tlie therapeutic agent. It must, however, always be kept 
in mind tliat the icsponse of the .septicemia to antibiotic.s may be inde- 
pendent of the effect on the underlying foci. Surgical or spontaneous drain- 
age of the primary foci may rctluec the numbers of bacteria entering the 
circulation so that humoral antibodie.s and pluigocyto'-is ran overcome the 
septicemia. 

Cl.vssificatio.n* of Hksvlts of Therapy of Seiticemu 
Gooil indicates that the patient was curcil of his septicemia and that 
streptomycin played a significant |)art in the cuic. I*oor designates those 
cmH’s in which K'pticemia was not cured while streptomycin wiin being ad- 
mmibtcied. Doubtftd cases are those which rccovcrctl from the septicemia 
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Defixitio.v 

Bacteremia is invasion of the circulating blood by bacteria. Mierooigaa- 
isms may escape from any of primaiy' infection into neighboring veins, 
then circulate until taken up by hepatic, splenic, or lympliatic filters. 
Septicemia is to-vemia from bacterial invasion of the circulating blood from 
a suppurating focus. Bacteremia an<l septicemia Ix'gin ^\ith circulating 
organisms and end when tlto bacteria no longer emerge continuously or 
intermittently into the circulating blood. 

IStiology 

Grum*positive cocci arc the most frequent cause of septicemia. Most 
are pcnicillin'Scnsitivc (table 38). Penlcillin-fast strains, however, occur 
naturally uliile others may develop as a result of inadequate therapy. Th® 
tendency to develop pcnicillin-rc&istance is, in oui experience, according to 
the following descending order: S. fccalis, S. virtdans, S. aineus, and S. 
hcmohjltms. Xeed for an alteniativc drug to combat penicillin-resistant 
cocci is obvious. Septicemia is due, less commonly, to gram-negative 
organisms, especially B. coh, -1. acrogcncs group. Pseudomonas, Proteus, 
and Bacleroides. Excluded from this discussion are infections by 
PasteuTcUa, Salmonella, and llcmophtlus, which are discussed elsewhere. 

Patuogexesis 

Gram-negative bacteria dominate the fecal flora and are commonly 
present in water and soil Gram-negative organisms, therefore, may gain 
entrance into the blood stream from almost any focus in the body, but for 
practical purposes the following common sites of infection may be list^i 

1. Gastro-intcstinal tract, especially m infants and the sev’erely debili- 

tated, e.g. antemortum 

2. Peritoneal cavity 

3. Genito-urinary system 

• Chief of the Surgical Research Umt, Brooke General Ilospit.al, Brooke Armj 
Medical Center, Fort Sam Houston, Texas 
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gram-negative organisms. At this writing, results of therapy of a fairly 
large number of streptomycin-treated cases liave been reported. Table 40 
represents a total of cases of bacteremia in which streptomycin has been 
used. Cases of bacteremia associated with subacute bacterial endocarditis 
are included in this figuie. In the 170 cases reported, a good response was 
obtained in 68 per cent and a doubtful response in an additional 6 per cent. 


TABLE 40 

Response of bacterenna lo slreplornycin therapy 


INFCCtlHO 0»CAtnSU 

“sa" 

1 SeSFOSSe TO THEKAPY 

Good 

Doubifut 

Poor 

E. coli 

53 

38 

3 

12 

A. aerogenes . 

12 

S 

1 

3 

E. coli and A. aerogenes . ... 

1 



1 

Kl. pneumonia 

S 

7 1 


1 

Pr. vulgaris . 

7 

7 ! 



Ps. aeruginosa 

17 

10 


7 

Ps. aeruginosa nmi A. aerogenes 

1 

1 



Ps, aeruginosa, A. aerogenes, .nnd E. coU 

1 



1 

A . fcealia . 

2 

1 

1 


Xeisserta 

2 

1 


1 

IJacleroides 

2 

1 ■ 


1 

A aerogenes and Pr. vulgaris 

1 

1 



Gram-negattvc, unidentified 

8 

5 

1 

2 

E. coli and S. fecalta 

1 

1 



S. fecalis 

8 

7 


1 

S viridana 

11 

7 


4 

Streptococcus, unidentified 

7 

3 


4 

Stapkylocoecna 

24 

14 

3 

7 

Corynebactcrinm 

1 

1 



li anlAraciS 

I 

1 



Spirilluvi 

1 

1 



Gnim-positive, unidentified 

1 

1 



Total 

170 

lie 

9 

45 



68% 

0% 

26% 


These figures represent a cross section of results obtained by a large number 
of investigators (S-2S) and include cases tiealeti with varying doscs, at 
(lifTercnt stages of the disease and at turn"' under adM'is.* coiulitioiis. In 
any e\t‘nt it now uppc.us tliat the reco\crj' rate from b.ictcreinia due to 
gr.im-ncgative organisms lias mcit*ascil from about 10 j>er cent Ixiforc sul- 
fon.imiile therapy lo75 i>or cent with slicptomycin therapy. Thus it would 
apix-Mr that mulcr early ade<iuatc trc.itnient with slreplomjcin, good rc- 
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u hilc streptomycin was administered but in u hich the part played by strep- 
tomycin was ditficult to cvalujitc. 

KeSULTS op TlIEKAPr 

Infections complicated by bacteremia have always been grave. An esti- 
niatc of the mortality from baci!lar>' bacteremias before 

sulfonamide therapy can be gained from representative experiences listed 
in table 39. Tiius recovery in no instance exceeded GO per cent (E. co}i)> 
while the overall mortality was about (M) per cent. The mortality from 
staphylococcal, streptococcal, ami pncumonococcal septicemia in that era 
was even higher (7), ranging between Co per cent and 85 per cent. Mter 
introduction of sulfonamides, reduction in mortality uas most striking with 
the hemolytic streptococcal infections, but gratifying results were also ob- 
tained with E, eoli and pneumococcal infections. In these conditions, sul- 
fonamides reduced the mortality i>crliaps by three-quarters. Staphylococ- 

TABLE 30 


MorlaUltj /rom grain^ntgaltfe icpiiccmia before sulfonamide! 


XTlOLOOy 

Kvusts or 
CASCS 1 

HOiTALinr 

1 irrcuNas 



1 ftr ttnl 

^ FeUy (1); Herrell (2) 

Ji eoli 

47 

! 34 


Klebsiella . 

43 

SC 

Bullowa (3); Baehr (4) 

Proteus 

18 

04 

Abrams (5) 

Pseudomonas 

— 

“Very Iiigh” 

Stanley (6) 

Uacleroides 

8 

10 

IlerreU (2) 


cal sepsis was not so effectively overcome and continued to be a problem 
until the advent of penicillin Sulfonamides have the following salient 


of protein degradation 

I’cnicillin is a far more effective agent tliun sulfonamides for treatment of 
gram-positu’e bacteremia (7). Its effects in streptococcal, pneumonococ- 
cal, and staphylococcal bactcicmia are often dramatic, and the chances of 
cure with vigorous early treatment exceed 75 per cent. Penicillin therapy 
in subacute bacterial endocarditis caused by susceptible organisms has 
also been gratifying. It lias the advantage of low’ toxicity to the host 
and is not likely to result m a dominance of infections by resistant bacterial 
strains. Its action on gram-negative bacteria, however, is comparatively 

^^^Immediately after streptomycm became available, it was evident tliat 
there was a new and effective weapon for treatment of bacteremia from. 



BACTEREMIA 


3o7 


ported subacute bacterial endocarditis treated with penicillin. SLxty- 
eight per cent of the patients wcie regaidcd cured or in remission. AVhen 
cases were excluded because of what is cunently regarded as too small 
dosage after sterilization of the blood, the recovery rate was 78 per cent. 
Similar e.xperience with streptomycin at this time is limited. Of thirty-two 
known cases (19-28), sixteen (44 per cent) had a good response, fourteen 
had a poor response, and in two cases the effect was doubtful. In twenty- 
three of these cases, streptomycin only was administeied. In the remain- 
ing nine, penicillin and/or sulfadiazine was administered concurrently witli 

TAIJLE 41 


Streplomt/cin therapi/ in bacterial endocarditis 


ItrrECTlMO OKGAKISit 

WWBSl 

STKEnOUtCIV 

ALOVE 

SltEPTO>l\ClN 
«1TH PEVICltUN 

SIKEPIOUVCIK 
WITH rEVIClU.I» 
ASD SiarADlAtlVE 

STEEFTUUtClX 

SUtrADlAtlNB 

or 

CASES 

Good 

1 

Poor 

Good 

Doubtful 

Poor 

Good 

1 

1 

Poor 

1 

'3 

1 

Poor 

E. coli 
.1. aerogencs 

Ps aerM(ftnosa 

lYcisseria 

Grum-negative, uii- 
idciitiKcil 

S. fecalts 

S. vtrtdans 

S. aureus 
Cdrynebacleriuin 

1 

1 

3 

1 

4 

8 

11 

1 

1 

2 

5 

1 

1 

1 

1 

1 

1 

5 

■ 

1 

1 

1 

1 

1 



1 



Tutals 

.32 

10 

1 

12 

3 

1 

2 

2 

0 

0 

1 

0 

0 

Goi)d rrsponsc 
Doubtful rc.*'iion.'‘e 
Poor re.'^poii'^c 

to 

to 

1 

12 

3 

1 

2 

- 



1 




fetieplomycia (table II). Mo.-*tof the jutients hud been tieatcd pieviously 
w itli iM’nieillin or ^ulfonamide!> witlioiit Miccess. This scries, though small, 
Migge.-lfe that stjvptomycin is indicated in: (a) subacute endociirditia caused 
by .S faccitlts or by other »! mptococci refractorj- to large dot>cs of j)cnicilhn, 
and (b) the rare ca.sj of infection of gram-negative etiologj’ uhcrc strepto- 
mycin hU--cTptibility is dcmonstmtcil. Course-s of therapy in this condition 
must frc<iucntly be continued for 21 or more days; treatment must aluays 
be cont inued for at last 48 hours after the tcmiieraturc lias returned to nor- 
mal. A ccTtain proiKirtion of {laticnts may therefore Imj e.\pcctc<l to shou 
Ycatibiilar damage as the result of streptomycin toxicity. The risk must 
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bults may be expected in the majority of eabcs caused by .subceptible or- 
ganisms. 

It is concluded from these data tluit btieptomi'cin is indicated in all cases 
of bacteremia caused by gram-negative organisms. It can often be ex- 
pected to clear the blood from infected organisms and influence favorably 
the local lesion, ^^^lere surgery' is necessary, streptomycin therapy pro- 
vides a protective umbrella during diicct attack on the underlying focus. 

The series of gram-positive streptomycin-treated bacteremias, though 
small, is significant, because it represents, in the main, failures \rith penicil- 
lin. Of fifty-five such cases, forty-one (74 per cent) responded adequately 
to streptomycin. Bacteremias caused by S. faccalis responded best to 
streptomycin, eight cases showing a good response and one case a poor 
response. Of eighteen ca&es caused by other streptococci, ten (56 per cent) 
showed a good response and eight (44 per cent) indicated no benefit. Of 
twenty-four cases of staphylococcic septicemia, 58 per cent responded well 
to streptomycin, 29 per cent did poorly, and the effect of therapy was doubt- 
ful in 13 per cent. One case each of B. anthrax, CoTynchaclcriim, and a 
Spirillum septicemia is reported as benefited by streptomycin therapy. 

important indication for streptomycin, therefore, is gram-posjtive bac- 
teremb caused by moderately pcnicilhn-resistant but streptomycin-sen- 
sitive organisms in which the outcome is in doubt after 48 hours of therapy 
with optimal doses of penicillin. Penicillin and streptomycin should be 
used simultaneously in these cases, to provide raa.\imum coverage, 
tn vitro testing shows that the organism will grow in concentrations of pen- 
icillin not possible in the blood serum, but will show inhibition by concen- 
trations possible by parenteral administration of streptomycin, the two 
drugs should still be used concuncntly, to provide maximum coverage. 

Our laboratory studies (29) show that optimal bacteriostatic effects la 
vitro are obtained on aerobic bacteria with combinations of streptomycin, 
penicillin, and sulfadiazine Significant corroborative clinical data are 
not available at this time. 

Causes op Failure of Treatment of Septicejiia 
Failures m these cases occuned, for the most part, for the reasons of 
failure of chemotherapy of any infection. They include: (a) tardy treat- 
ment; (b) complicating acute vegetative endocarditis, (c) development o 
streptomycin resistance by the oigamsms, (d) inadequate management, 
during therapy, of the primary focus of infection, (e) inadequate dosage, 
and (f) development of toxicity to streptomycin during therapy. 

Subacute Bacterial Endocarditis 
Zeller, Hiisli, Dowling, Hussey, and Robinson (21) recently reviewed 
•ill ‘iviilable British and iVmencan contributions and found 556 cases of re- 
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ported subacute bacterial endocarditis treated with penicillin. SLvty- 
eight per cent of the patients were regarded cured or in remission. When 
cases ^\e^e excluded because of wliat is currently regarded as too small 
dosage after sterilization of the blood, the recovery late was 78 per cent. 
Similar experience with streptomycin at this time is limited. Of thirty-two 
known cases (19-28), sixteen (44 per cent) had a good response, fourteen 
had a poor response, and in two cases the effect was doubtful. In twenty- 
three of these cases, streptomycin only was administered. In the remain- 
ing nine, penicillin and/or sulfadiazine was administered concurrently with 

TABLE 41 


Streptomycin therapy in bacterial endocarditis 


ISrECTISO OKGANISU: 

Kvxaeii 

or 

CASES 

STECFTOU\CIM 

AtOVE 

UITH PEMCILUN *.sogvlrAOIA«SE 

1 

STEEFTOMXCIV 

SlLrAOUriAE 

GoodI 

1 

1 

Poor 

Good 

3 

I 

a 

Poor 

Good 

1 

Poor 

1 

Good 

1 

1 

Poor 

K. coli 

A aerogenea 

Pa aeruginosa 
Neiaaeria 

Gram-negative, uii- 
identified 

S fecalta 

S. liridana 

S aureus 
Corynebacleritiin 

1 

1 

.1 

1 

4 

8 

11 

2 

1 

1 

2 

5 

1 

1 

1 

1 

1 

2 

1 

5 

2 

1 

1 

1 

1 ; 

1 

1 



1 

i 


Totals 

32 

10 

1 

12 

3 

1 

2 

2 

0 

0 

1 

0 

0 

Good rosjionse 
Doubtful res|ionsc 
Poor re.spoii.sc 

10 

10 

1 

12 

3 

1 

2 

1 

j 

1 

1 



slieplomycin (table 41). Mo^t of the luticnts had been tiealcd picviously 
witli petiK-illin or sulfonamides witliout success. Thi.s series, though small, 
Migge-ts that slri'ptomycin is indicate<l in: (a) sub.icutc cndocanlitis cau.'<Kl 
by .S Jaccxilis or by other streptococci lefmctory to large doses of penicillin, 
5ind (b) the rare case of infection of gram-negative etiology where strepto- 
mycin sU'ceptibility is demonstrated. Courses of therapy in this condition 
must fre<juently be continued for 21 or more daj’s; treatment must always 
be cont inucd for at la.*-! 48 hours after the temperature lias returned to nor- 
mal A certain proportion of patients may therefore be expected to show 
\estibular damage as the result of streptomycin toxicity. The risk mu.<<t 
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bults may be expected in the majority of cabei> caused by >U5iceptible or- 
gnnibms. 

It is concluderl from the*e data that btieptomycin is indicated in all caaes 
of bacteremia caused by gram-iiegiitivc organisms. It can often be ex- 
pected to clear the blood from infectctl organisms ami infiuence favorably 
tlic local lesion. A\liero surgerj* is necessary, streptomycin therapy pro- 
vides a protective umbrella during diicct attack on the imdcrlynng focus. 

The series of gram-positive strcptomycin-trcatod baclcicmias, though 
small, is significant, because it represents, in the main, failures wth penicil- 
lin. Of fifty-five such cases, forty-one (74 per cent) responded adequately 
to streptomycin. Bacteremias caused by JS. faccalis responded best to 
streptomycin, eight cases showing a good response and one case a poor 
response. Of eighteen cases caused by other streptococci, ten (50 per cent) 
showed a good response and eight (44 |>cr cent) indicated no benefit. Of 
twenty-four cases of staphylococcic septicemia, oS i>er cent responded well 
to streptomycin, 20 per cent did poorly, an<l the ciTcct of therapy wivs doubt- 
ful in 13 per cent. One ease each of B. aiUhrax, Cori/iicbacierium, and a 
Spirillum septicemia is reported as benefited by streptomycin therapy- 
•Vn important indication for streptomycin, tlicrefore, is gram-positive bac- 
teremia caused by modenitcly |)enicil!in-rcsistant but streptomycin-sen- 
sitive organisms in w Inch the outcome is in <loubt after -18 hours of therapy 
with optimal doses of penicillin. Penicillin and streptomycin should be 
used simultaneously m tliese eases, to provide ma.\imum coverage. Wlierc 
in vitro testing shows tliat the organism will grow in concentrations of pen- 
icillin not possible in the blood scrum, but will show inhibition by concen- 
trations possible by paicntcnil administration of streptomycin, the two 
drugs should still be used concui icntly, to provide maximum coverage. 

Our laboratory studies (29) show tliat optimal bacteriostatic effects m 
vitro are obtained on aerobic bacteria with combinations of streptomx'cm, 
penicillin, and sulfadiazine. Significant corroborative clinical data are 
not available at this time. 

Causes of Failuiie of Tre.vtment of Septice.mu 
Failures in these cases occurred, for the most part, for the reasons of 
failure of chemotherapy of any infection. They include: (a) tardy treat- 
ment, (b) complicating acute \-egetative endocarditis; (c) development of 
streptom3'Cui resistance by the organisms; (d) inadequate management, 
during therapy, of the primaiy focus of infection; (e) inadequate dos.ige, 
and (f) development of toxicity to streptomycin during therapy. 

Subacute Bacterial Endocarditis 
Zeller, Dowling, Hussey, and Bobinson (21) lecentiy reviewed 

•dl available British and American contributions and found 556 cases of re- 
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bo accepted, lio\vc\cr, when subacute bacterial endocarditis is not amen- 
al)le to other fonn*i of available antibiotic or chemotherapy. This risk 
may now be minimized by the u^e of diliydro>treptomycin. 

CoilMKN'T 

Streptomycin therapy will l)c succcsful in bacteremia only under cer- 
tain reciuisitca: 1. The organi-m must besonsitivc to the drug; 2. Accessible 
foci of infection must be adecpiatcly dntined; 3. The dosage of streptomycin 
must be at least 2 gm a day, and the inter\'als between doscs must be so 
spaced as to provide for bacteriostatic blood levels; 4. Treatment must be 
continued for a sufficiently long time; 5. Acute endocarditis, which is imi- 
formlj' fatal, must not be present. 

Streptomycin thcrap 3 * seems wananted in the case of bacteremia caused 
b^’ gram-positive cocci when a favomble response to maximum dosages of 
penicillin has not been obtained. The combination of subinhibitoiy con- 
centrations of streptomycin and penicillin with sulfadiazine is likely to be 
useful because of the additive effects thus obtained. Streptomj'cln is 
clearly indicated iii bacteremias caused b^* S. faccalis, which is oniinanly 
lefractory to largo dosages of penicillin. In this and other penicillin-refrac- 
tory bacteremias, penicillin and streptomycin in combination may be life- 
saving. 

Streptomycin is also indicated in the ibcrap^- of subacute bacterial en- 
docarditis caused by penicillin-fast nonhemolytic streptococci and suscep- 
tible gram-negative bacilli. 
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ClLVPTER 22 

NONTUIiERCULOUS .MENINGITIS 


Streptomycin has proved to be the most valuable single therapeutic agent 
for treatment of meningitis caused by gram-negative bacilli. Although this 
antibiotic lias been shown to be active m vitro against a number of gram- 
positive coccal species which at times invade the meninges, other thera- 
peutic agents are superior; only uhen emergence of resistance of the or- 
ganism lias changed the efficacy of penicillin is streptomycin indicated in 
meningitis caused by gram-positive cocci. 

Though any one of the gram-negative bacilli may infect the meninges in 
any age group, most of them do so rarely. The relative importance of two 
of these varieties, //. influenzae and E. coli, compared with other species 
of this group is shown by their frequency of occurrence in table 42. It 
is apparent that H. influenzae meningitis is by far the most important mem- 
ber of meningeal infections caused by gram-negative bacilli and that E. &)li 
ranks second. .Vmong the rest of the group Ps. aeruginosa, Kl. pneumoniae 
(Friedlander’s bacillus), Salmoncllae, Proteus, A. acrogencs, and A. faecalis 
appear to occur most frequently. 

The early contnbutions of Waksman and his associates suggested that 
all of these organisms exhibit a degree of sensitivity to streptomycin com- 
mensurate with therapeutic efficacy of this agent. Similar results were re- 
ported by other investigators Many of the gram-negative bacilli were 
also demonstrated to be susceptible to streptomycin in mo. The results 
of even our early m vitro experiments (2) suggested, however, that gram- 
negative bacilli differ significantly in their sensitivity to streptomycin, 
some members withstood high concentrations of streptomycin when the 
following principles were applied to the test procedure: (a) the inocul^ 
was large (3 million to 1,700 milhon) and therefore more representathe 
of the population sizes m biologic fluids of patients; (b) the medium w:^ 
solid and optimal (Levmthal agar), and (c) the meubation period was 48 
hours. The last point was important, since the more resistant organisms 
Drew more slowly. 

3G0 
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therefore, to the observed conspicuous differences in theiapeutic efficacy of 
streptomycin among infections caused by these species. 

In an attempt to explore the causes for these differences two factors were 
studied for each of the eight species: 

1. The frequency of occurrence of their lesistant mutants possessing a 

degree of resistance lower than 1,000 iigfvcA. 

2. Speed of the lethal action of streptomycin on their sensitive cells. 

Frequmey oj^mutanU with lower degrees of resistance 

Our experience with routine sensitivity tests suggested that the rate of 
occurrence of variant cells possessing a lower degree of resistance, for ex- 
ample to 25 and 100 pg/ml, might offer an explanation. Accordingly, all 
eight species were examined to determine whether organisms capable of 
growth in these concentrations of sticptomycin are present in all large pop- 


TABLE 43 

Occurrence rate of mutants resistant to 1,0(H} uQlrrH of streptomycin 


SPXOES 

STllACi 1 

STUJM 2 

smor3 

II. injtuemae 

5.7 X 10-«» 

7.0 X 10-“ 

2.6 X 10-“ 

H. pertussis 

5.2 X 10-“ 

1.1 X 10-“ 

1.6 X 10-“ 

11. parapertussis 

0.6 X 10-“ 

2.0 X 10->» 

1.2 X 10-“ 

E. coU 

7.7 X 10-‘* 

2.3 X 10-“ 

2.3 X 10-“ 

Salmonellao 

8.0 X 10-“ 

3.1 X 10-“ 

1.7 X 10*“ 

S. iyphosa 

1,6 X 10-‘« 

1.0 X 10-“ 

5.3 X 10-“ 

ShigcIIae 

3.3 X 10->® 

3.8 X 10~“ 

5.3 X 10-“ 

Ps. aeruginosa 

4.2 X ir** 

4.6 X 10--“ 

0.0 X 10-“ 


ulations and whether they exhibit the characteristics of mutants and how 
frequently they occur. In brief, it has been demonstrated that the organ- 
isms which on first contact witli streptomycin form colonics in media con- 
taining 25 and 100 #ig/ml can be found in each of these species and they also 
exhibit the characteristics already described for the highly resistant mutants 
(8). Table 44 lists for each of these species the frequency of occurrence of 
mutants of these lovser degrees of resistance and for comparison, the inci- 
dence of those capable of grou th in 1 ,000 #ig of streptomycin per milliliter. 

It is seen that the rate of occurrence of mutants of II. influenzae uhich 
resist the action of 25 and 100 ^g of streptomycin per cubic centimeter is not 
different from the frequency of those which grow in 1,000 pg/cc. The 
same is true for II. pertussis and E. cofi. The situation is quite, however, 
different for Salmonellac strains, S. typhosa, II. parapertussis and Ps. 
aeruginosa. Mutants of these organisms growing in 100 pg/ml occur 100 
times more frequently than those resisting 1,000 /ig/ral and those surviving 
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Experlmental Basis for Pkcdictino Therapeutic EpncAcr 

OP STRErrOSIYCIN 

One of the early observations, the variation in sensitivity to streptomycin 
of iliffercnt strains of tJic same organism, has been assigned a position of 
great importance by some; this lias been interpreted as an innate differ- 
ence in sensitivity. In vitro bcnsitivity studies on a number of varieties ol 
gram-negative bacilli carried out by the above procedures shon ed variation 
in sensitivity of the same strain on repeated tests; these results suggested 
that gome chance phenomenon, opemt/og in all strains, is responsible for 
the difTerences found in refloated tests on the same strain as u'ell as among 
di/Terent strains of tho same sjKicica. 

The experimental studies carried out at tiie Babies Hospital to explore 
the origin of bacterial cells that resist the action of streptomycin provided 
tile clue to the above observations. The source of the highly resistant cells 
(those resisting 1,000 /^g/rnl) was explored first. In all ten strabs of I/. 
injlucmae studied it was possible to demonstrate the presence of cells n?- 
sibtant to this liigh concentration if sufficiently large populations were ex- 
amined (3). J.[oroover, these highly resistant cells cxliibited the charac- 
teristics of mutants and were shown to occur at a constant low rate m all 
ten strains (4). These results led to examination of seven other species 
of gram-negath'c bacilli, If. pertussis, II. parapertussis, E. coH, ShigelJae, 
Salmoncllac, S. typhosa, and Ps. Qen4gmosa, to determine whether their 
members wJiich resist liigh concentrations of streptomycin are also present 
in all large populations and whether they exhibit traits characteristic of 
mutants. Mutants resistant to 1,000 //g/ml were demonstrated ineachof 
these organisms. These experimental data provide evidence that in each 
of these eight species of gram-negative bacilli, etnergence of resistance of 
the infecting organism represents a selective phenomenon (5, H)’, the sen- 
sitive members are eliminated by stroptomj'cin and tho minute number of 
highly resistant spontaneously occurring mutants, present in any large 
population, make up most or all of the sun'iving population as a result of 
their reproduction. 

Since the rate of occurrence of new resistant mutants of II. infiusnzae 
appeared to bo constant for tliat species, it was of great interest to compare 
the frequencies of new highly resistant mutants of all of these species o 
gram-negative bacilli ; the differences in therapeutic efficacy of streptomycin 
among these infections might be explained on this basis. The frequency 
of new mutants per bacterium i>er bacterial generation for each species is 
listed in table 43. These rates were calculated by using the formula o 
Buria and Delbruck (7). Since the method piovides only an estimate, 
the iliffercnces in the frequencies among the species are not signmcan . 
The rate of occurrence of new highly resistant mutants is not the answer 
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therefore, to the observed conspicuous differences in theiapeutic efficacy of 
streptomycin among infections caused by these species. 

In an attempt to explore the causes for these differences two factors were 
studied for each of the eight species: 

1. The frequency of occurrence of their resistant mutants possessing a 

degree of resistance lower than 1,000 ;ig/ml. 

2. Speed of the lethal action of streptomycin on their sensitive cells. 

Frequency of mutants vnih lower degrees of resisiance 

Our experience with routine sensitivity tests suggested that the rate of 
occurrence of variant cells possessing a lower degree of resistance, for ex- 
ample to 25 and 100 Mg/ml, might offer an explanation. Accordingly, all 
eight species were examined to determine whether organisms capable of 
growth in these concentrations of stieptomycin are present in all large pop- 

TABLE 43 


Occurrence rate of muianls resistant to 1,000 uo/fri of streptomycin 


SFtQFS 

StKAU 1 

STSACI 2 

tTSMjii 

H, influenzae 

5.7 

X 

10-« 

7.0 

X 

icr» 

2.6 

X 

10-“ 

H, pertussis 

5.2 

X 

10-“ 

1.1 

X 

lO-j# 

1.6 

X 

10-“ 

H. parapertussis 

6.6 

X 

10-“ 

2.0 

X 

icri® 

1.2 

X 

10-“ 

E. coli 

7.7 

X 

10-“ 

2.3 

X 

10~io 

2.3 

X 

10-1# 

SalmoQcllae 

8.9 

X 

10-“ 

3.1 

X 

icr«» 

1.7 

X 

10-“ 

S. iyphasa 

1.6 

X 

10-“ 

1.0 

X 

lO'io 

5.3 

X 

10-“ 

ShigcUae.. . 

3.3 

X 

10-“ 

3 8 

X 

10-“ 

3 

X 

10-“ 

Ps. aeruginosa . ... 

4.2 

X 

10-“ 

4.6 

X 

10-IK 

6.0 

X 

10-“ 


ulations and whether they e-xliibit the characteristics of mutants and how 
frequently they occur. In brief, it has been demonstrated that the organ- 
isms which on first contact with streptomycin form colonies in media con- 
taining 2o and 100 AJg/ml can be found in each of these species and they also 
exhibit the characteristics already described for the highly resistant mutants 
(8). Table 44 lists for each of these si)ccic3 Uio frequency of occurrence of 
mutants of these lower degrees of resistance and for comparison, the inci- 
dence of those capable of g^o^\ th in 1,000 pg of streptomycin per milliliter. 

It is seen that the rate of occurrence of mutants of II. influenzae which 
resist the action of 25 and 100 A«g of streptomycin per cubic centimeter is not 
different from the frequency of those ubicli grow in 1,000 pg/cc. The 
same is true for If. pertussis and E. colt. The situation is quite, however, 
different for S.ilmoncllac strains, S. typhosa, II, parapertussis and Ps. 
aeruginosa. Mutants of these organisms growing in 100 pg/ral occur 100 
times more frequently than those resisting 1,000 pg/ml and those surviving 
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in 25 ;ig/nil .ire 10,000 to 100,000 times more frequent. In other \\ords, 
mutants of 11. injlucmae, II. pcrlxissis^ and E. coli that resist the action of 
25 and 100 mk/hiI but .ire .sensitive to 1,000 are so rare that they probably 
play an unimportant role in therapeutic failure of streptomycin. The 
much greater fixiiuency of mutants uith this degree of resistance in the 
other four tpecics suggests that they play an important part in the emer- 
gence of resistance of tlicsc organisms to streptomycin and in consequent 
therapeutic faihnc of this antibiotic in the treatment of these infections. 

taiuj: 


Occurrence rales of mutants ri«i«/<in/ la 25, 100, and 1,000 oj streptomycin 


SPEQCS 

1 SMKIS 

UmC 

too MO 

l.DUO <<C 

It tnfiucmac 

t 

6 C X 10*“ 
5.1 X 10"" 

5.S X lO*” 
3.2 X 10-" 

5 7 X ICT” 
4.7 X lO*" 

It. pCTlUSSlS 

1 

G I X lO"'* 
CSX 10“" 

1 1 X 10"'» 
5.2 X 10-" 

1.1 X 10"“ 

5 2 X 10*" 

E cult 

1 

3 8 X 10-'» 

7 2 X 10-'* 

2.1 X 10"“ 
COX 10-" 

2 2 X 10*" 
7.7 X 10-" 

Sa]munell.ic 

1 j 

9 0 X 10-' 

4 0 X 10"* 

2.3 X 10-* 
S.O X 10-' 

8.9 X 10-" 

1 7 X 10*" 

S typhosa 

1 [ 
- 1 

2 2 X 10-' 

5 4 X 10"' 

1.5 X 10-' 

2 3 X 10"» 

1 6 X 10-" 
5.3 X 10*" 

It parapertussis 

J ! 

I 2 X 10"» 1 
1 0 X io-« j 

7.0 X 10"' 

5 2 X I0"» 

6 6 X 10*" 

2 0 X 10-" 


l‘s aeruginosa 1 ' 7 5 X 10"' ' 9 I X 10"* -1-6 X 10*'* 

2 1 2 X 10"* j 2 5 X 10"' ( 6 0 X 10"'* 


Speed of lethal action on sensitive cells 
To deteiminc rapidity of lethal action of streptomycin on the sensitnc 
members of these species, a population of appro.vimately 10,000 organisms 
was e.xposed to two different concentiations of streptomycin, 10 and 100 
pg/nd for varying lengths of time, at intervals the number of viable organ- 
isms per cubic centimetei w.is determined. 

Exposure to 10 pg of stieptomycin per milliliter is lethal for //• 
fliienzae in 2 to 0 hours and for B. colt in 6 hours. // pertussis was com- 
pletely eliminated in 4 to 24 hours S. fyphosa and Salmonellae, on the 
other hand, though showing some decrease in their numbers m 6 hours, 
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luvve incveivbcd 2-1 lvov\i!i jvftci cxpoavuc, to a population comparable with 
llie control. 11 . ’paraperlussh is not reduced significantly in 0 hours, and 
about one-cighth of the initial populations arc viable after 24 hours. 

Figure 65 demonstrates tliat 100 pg of streptomycin per milliliter exerts 
a more rapid lethal action on all species. Exposuie for 10 minutes is 
adequate to kill all 11, injliiemae organisms, 1 hour for E. coli, and 2 
hours for II. perlusm. A lethal effect on 100 per cent of the other two 
organisms occurs at 4 hours. A small fraction of II. parapertussis is 
viable after 24 hours. It must be emphasized, however, that in clinical 
work a concentration as high as 1,000 /ig of streptomycin per milliliter 



liUion hi7cs of type b //. influenzae, 

can l>c obtained only in the urine and spinal fluid without senou.s injury 
to the patients from streptomycin. 

The Jelatioiifchip of these two factors, mutation frequency ami tinned of 
lethal action to therapeutic efficacy of sticptomycin in infections due to 
thetc orgjinisms, is huinmarizctl in table 4o. T'hese data (8) suggc.'it that 
the organiMiis causing infections which arc successfully treated with .strep- 
tomycin — II. tujbicnzac, E. coU, and II. pvrlussis — ha\e a very low inci- 
dence 4)f imitants which iebi.sl the action of 2.i ami KX) pg of btrcptoiincin 
jHT cubic centimeter; their .sensitive cellfi aio killed rajiidly e\cn in 10 
;ig,'m!. On the other hand, in those iiifcctions in which btreptomyem lia-? 
nut l)C4n clTcctne theraj>eulicaHy, a conccnlnilion of 10 pg/ml i.s not pri- 
marily bactericidal fo: the bcn.*«Uivc cells, and the fieciucncy of mutants 
riTistant to 25 pg/ml is high, llie data along with clinicid oliservalioiib 
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in 25 Mg/ml are 10,000 to 100,000 times more frequent. In other wonJs, 
mutants of //. injlucmae, II. pertussis^ and E. ccli that resist the action of 
25 and 100 Mg/ml but are sensitive to 1,000 pgareso rare that they probably 
play an unimportant role in therapeutic failure of streptomycin. The 
m\ich greater frequency of mutants uith this degree of resistance in the 
other four species suggests that they play an important part in the emer- 
gence of resistance of theac organisms to streptomycin and in consequent 
therapeutic failuie of lhij> antibiotic in the treatment of these infections. 

TAHLi: 14 


Occurrence rates of mutants nsi'slanl to 2S, 100, and 1,000 ijy/wl vf siTefilomijcin 



sia»ix 

lS,.c 


1,000 

II. xnjlucmae 

I 

0.6 X 10-'> 
3.1 X 10->’ 

5.8 X 10-” 
3.2 X KT” 

5 7 X 10-'* 
4.7 X 10-“ 

I{. pertussis 

1 

C.l X 10-'» 
0.8 X lO-” 

1.1 X I0"»» 

5.2 X 10->‘ 

1.1 X I0-" 
S 2 X 10-” 

E cull 


3.8 X lO-'* 

7 2 X l0-‘* 

2.1 X i(r»* 

6 0 X 10-‘* 

2.2 X 10-“ 
7 7 X icr“ 

Salnionelluc 

* 1 j 

0 0 X 10-’ 

4 0 X J0-* 1 

X X 

8 9 X 10"“ 
1.7 X 10"“ 

S typhosa i 1 

1 2 

2 2 X J0-‘ 1 
5 4 X 10-* 1 

1.5 X 10-* 
2.3 X :o-' 

1 6 X 10"“ 
5.3 X 10"“ 

It parapertussis , I | 

1 2 X 10-* 

1 0 X 10-* 

7 0 X 10"* 

5.2 X 10-* 

6 6 X 10"“ 

2 0 X 10"“ 

Ps aeruginosa 1 ^ 7 5 X 1(1"* ' 

2 1 2 X 10-* 

9 1 X 10-* 

2 5 X 10"^ 

4 6 X 10"“ 
6.0 X 10-“ 


Speed of lethal action on 5C/t5ini>e cells 
To determine raprdity of lethal action of streptomycin on tire sensitive 
members of theae species, a population of approximately 10,000 organisi^ 
was exposed to two different concentrations of streptomycin, 10 and 1 
^g/ml for varj’ing lengths of time, at intervals the number of viable organ- 
isms per cubic centimeter was determined. 

Exposure to 10 fig of sticptomycin pei milliliter is lethal for E. i«* 
jiueiizae in 2 to 6 houis and for E cob in 0 hours. II. pertussis was com 
pletely eliminated m 4 to 24 hours. S. typhosa and Salmonellae, on t e 
other hand, though showing some decrease in their numbers in 6 hours. 






NONTUBERCULOUS MENINGITIS 


367 


H, influenzae 

Except during years when meningococcus infections become epidemic, 
influenzal meningitis is the most frequent variety of pyogenic meningitis in 
infants and children. It is characteristically primary in that it develops 
out of a clear sky following an unimpressive upper respiratory infection; 
there may be coincident paranasal sinusitis or purulent otitis media, but 
evidence for direct extension is ladcing. Baeteremia is virtually always 
present in untreated patients. The age incidence of meningitis was shown 
by Fothergill and AVright (9) to be closely related to the bactericidal pow er 
of the blood. Most infants are passively immunized in utero; in conse- 
quence, the incidence of this variety of meningitis is very low under 2 
months of age. As this protection is lost, the disease becomes more 
frequent. In children aged 2 months to 3 years, the age range in which 80 
per cent of the cases of mfluenzal meningitis occur, the blood of subjects 
collected at random shows only a feeble bactericidal capacity toward tliis 
organism, whereas the sera of older persons and younger infants exhibit 
an appreciable lethal action. The increase with age in this injurious action 
of blood is apparently the result of contact with the organism. 

Early diagnosis is of paramount importance. Yet there are no clinical 
manifestations which differentiate influenzal from other varieties of menin- 
gitis. Just as in other types, the signs vary greatly from patient to patient, 
depending upon the age, stage of the disease, severity of the infection, and 
whether sulfonamides have been admmistcred. WTien patients older than 
7 or 8 months are seen early, the majority show only signs indicative of 
meningeal inflammation; the sensorium except for transient delirium is 
clear. In a smaller fraction the disease progresses so rapidly that the 
patient IS comatose or scmicomatosc within 24 hours and the spinal fluid 
reveals evidence of a very severe infection; prompt recovery follows ado- 
c\uate treatment. 

A small number of patients become comatose within 4 to G hours and, 
cs'cn though optimal therapy js apphed within 12 hours of onset, they 
differ from others in their course. Even though the spinal fluid shows 
prompt improvement as evidenced by elimination of Uic organisms and rise 
in concentration of sugar, the child’s clinical stale persists unchanged over 
a period of scvcr.il days and the temperature remruns very' liigli. An the 
sensonum clears, signs of localized cerebral damage may appear. There is 
reason to l)elicve tliat these patients suffer from a significant degree of 
enceplialitis sKicondaiy to damage and thrombt^is of ccrcbnil \c»scls. In 
our cxi>criencc such lesions arc at limes comixitiblc with complete recovery. 

.Vnother group warrants si>ccLal cinpliasis, nameb', those children who 
early in the course of their meningitis receive sulfonamides for an illne ss 
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suggest that kno\vledge of these two factors w vitro may serve as a reliable 
basis for predicting therapeutic success or failure of streptomycin in a givea 
infection. 

CuxiCAL Aspects Therapy op Meningitis Due to 
Gram-Negative Bacilu 

Without specific treatment, the mortality from meningeal infection with 
these various gram-negative bacilli 1ms been very high, more than SO per 
cent in all age groups and close to 100 per cent in infancy, when the men- 
ingitis is a part of a generalized infection. \\Ticn meningitis is caused by 
the introduction of gram-negative bacilli in head wounds, at operation, or 
by lumbar puncture for diagnosis or anesthesia, the prognosis is better. 


TABLE 45 


Rilalionship of mulalion frequency and tpud of lethal action to therapeulie 
efficacy of tireptomyein 


SPEClEt 

StKjVCiXt or MUtANTS USUTA.ST TO COSCCN- 
nATioNs or ttunonco rci la 

utxo or tssii Aoux 


IOOmI 

loco MS 

lQ>i< 

100 >4 

H. influenzae . . . . 

10-*' 

10*»‘ 

10-" 

2-^ hrs. 

10 nun. 

H. pertussis 

10-‘» to 

10-** to 

j0-i» to -n 

4-21 bra. 

21lT8. 

E. coli . . 

io-‘« 

io-‘» 

10-“ 

6 his. 

1 hr. 

SalmoDcllae . 

10-* to -* 

io-» 

10-“ to 

0* 

3-1 hrs. 

S. typhosa ... 

10-* to -• 

io-» 

10-“ to 

0 

4-24 Lrs. 

H. parapertussis . . 

i(r» 

10-* 

10-“ to -n 

0 

>24 hrs. 

Ps. aeruginosa. 

10-* to -• 

l0-» to -» 

10-“ 

0 



* 0 « not primarily bactericidal. 


Prior to the advent of streptomycin only two of these varieties, H- 
influenzae and E. coli group, could be successfully treated in a significant 
proportion of the patients. ^Vn excellent review by Paine, ilurray, Seeler, 
and Finland (1) summarize therapeutic results prior to and since the advent 
of streptomycin treatment. 

Although the fatality rates from menmptis caused by the various species 
of gram-negative bacilli do not differ significantly when these diseases are 
imtreated, the prognosis foUowmg therapy ■ndth either sulfonamides or 
streptomycin does vary with the etiologic agent. The results of treatment 
with the available specific agents are discussed separately for each of the 
most frequently occurring vaneties of gram-negative bacillus meningeal 
infections. 
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In the first twelve patients, treated according to our first program, 
streptomycin was used as the only therapeutic agent after admission to 
hospital unless it became evident from the poor response tliat amplification 
of this tieatmcnt was indicated. All but one 2 )aticnt, hoaever, had pjcvi- 
ously received sulfadiazine. All of the patients leceived streptomycin 
alone cither thioughout the jxiriod of hospital treatment or for 4 days 
before addition of other agents. From analysis of this gioup it is evident 
tliat recovery uas prompt in the eight patients in whom the infection was 
mild or moderatelj’ severe, as judged by the concentration of sugar in the 
spinal fluid before trcatmentaswcll as by clinical signs. On the other liand, 
those with scvcie meningitis were not cuied uith streptomycin alone; in 
two of these there was proof that emergence of resistance of the infecting 
organism was the cause of failure. 

The failure of streptomycin alone to cme any of the four patients with 
severe meningitis led to the second therapeutic program. Only patients 
with initial spinal fluid sugar concentrations significantly above lo mg/100 
ml were to receive stieptomycin alone; tho&e with concentrations at or 
below’ this level would receive all three therapeutic agents from the start — 
streptomycin, sulfadiazine, un<{ specific rabbit antisei um. This therapeutic 
program proved successful and was applied for the next thirteen 'eases. 

When it was demonstrated that //. infiucmac cells rcsistant to 1,000 
pg/ml of streptomycin e.\lubit the usual degree of sen.dtivity to sulfadiazine 
(o), the thin! therapeutic program was instituted. Patients with menin- 
gitis of mild or aveiagc severity (spinal fluid sugar more than lomg/IOOml) 
were to be ticatcil with streptomycin alone; tho.'« exhibiting .'?igns of severe 
infection, if more than 0 months of age, received streptomycin and sulfa- 
diazine; and in younger infants all three agents were used — sulfailiazinc, 
streptomycin and nddiit antiserum. 

The schedule of dosage of stieptomycin usc<l in the majority of patients 
treatetl at Hallies Ilo.spital is as follows: intramuscularly, an amount 
equivalent to 10 mg/kg of body weight Is given daily, divided into eight 
<Iose»; mtmthceally, 2o mg is adminislciLsl at a l2-hour intcr\’al for the 
first two (loses, thcn.*aftcr once daily. Treatment iij’ all routes is dis- 
continued after 1 or '> days. 

From the re.-ults of lhe.se thcRi|}ciitic iwlicics certain facts aiv cle.ir. 
tjulfadi.izine plays an important role as an adjunct to streptomycin. The 
o\er*all comliined elTeet of sjK'cific mbhit antisi'rum and suIfonamide» 
eamiot be shown to dilTer sigitificaiitly from the combined effect of strep- 
tomycin with sulfoiiainidc.s, higher projHirtion of infants less tluui 0 
months of age ha\e survi\ed when streptoinyciii ha.s been given m addition 
to St-rum and snlfonamide.s, but mote of the Mindvors b.i\e Ihs-u dt-fecti\e. 
Table HI .sunimariz<-.s the resulLs of streptomycin tber.ipy alone and with 
udjuncl.s. In choo-<ing liclwc'cn nihbit anti-enim and .sulfadiazine, on the 
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which is not recognized as meningitis. Doubtless, some of the mild«t 
recover completely, hut in others the signs of meningeal inflammation are 
completely masked, fever persisting as the sole clinical evidence of (liscajc 
Withdrawal of the sulfonamides during an obsen'ation i>criod is usually 
followed by the appearance of clear signs of meningeal irntation. 

In 1938 and during the next sc\eral years a therapeutic program fur 
tieatment of //, injlucnzac meningitis which j)roved highly successful (10, 
1 1 ) was developed at the Ihibies llosjntal. There is reason to belic\e that 
when the combined action of sulfadiazine and specific rabbit antibody is 
applied according to certain principles early in the disease it is possible to 
c\ne 100 per cent of the patients. The response i» so consistent that one 
can predict not only the outcome but the course of iccover>'. K\en in the 
fulminating group in which the meningitis progresses so rapidly that the 
spinal fluid sugar falls to less than 15 mg/100 ml within 24 hours of onset, 
prompt recoverj’ can be expected in all cases if suflicient antibody is admin- 
istered in the initial dose. Actually only SO per cent of the ninety patients 
treated according to this regimen recovered, the failuics being attributable 
to delay in diagnosis and to unwarranted confidence m the value of sul* 
fonamidcs alone. 

After demonstration of the rapid Icllial injury resulting from the action 
of streptomycin on tyjic b //. vijlucnzae, in vitro and in the mouse, the 
therapeutic value of the drug m influenzal meningitis was explored. In- 
vestigation of the separate action of streptomycin in influenzal meningitis 
has been difficult for two reasons; firet, because most of the patients liad 
alreadj’ received sulfonamides loi • . • 


lation; and second, because there 

had been shown to be capable of cu....b 

when applied according to certain principles in the first few days of t le 
disease. Nevertheless, this trial was considered necessary’ because, i 
found equally effective, streptomycin could be e-\pected to possess certain 
advantages over the earlier therapeutic program; scrum sickness could e 
eliminated. Streptomycin has been shown to be active against all six 
types of encapsulated II. influenzae as well as the nonencapsulatcd, non 

typable variety of this organism which occasionally causessubacutebactena 

endocarditis in children and adults and meningitis in very’ young infants. 
This is true of sulfadiazine also, but type b H. influenzae antiserum, t le 
only therapeutic serum available at present, is effective only’ against type 
More than 95 per cent of all serious mfections causcil by’ the Hcniophi us 


group are due, however, to type b 

During the last 3 years four different therapeutic programs luve 
used in an effort to evaluate streptomycin in influenzal meningitis. ® 
changes have resulted from clinical experience as well as from e.xpcrimen 
nn the action of streptomyem on type b H. influenzae (12). 
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mately 100 Mg/ml, was studied to determine its in vitro effect on different 
population sizes of H. influenzae after exposure for different lengths of time. 
Figuie 6G shows these results when experiments were carried out in broth. 
xVn exposure for 10 minutes killed 100 per cent of the small population, 
5,000 to 10,000 organisms The 130 million population required 2 hours 
for complete elimination, and the 1.3 billion approximately G hours. 


TABLE 47 

Concentration of i^lreploinycin in spinal fluids of patients receiving 25 mg tniralhecally 


HUE AFTLS ADUINISIRATIOV | 

PATIENT 1 
STKtPTOKVCIH 

STBEFTOmClK 


»■</« 1 

fig/cc 

Uir. 

410 1 


1 hr. 

, 368 

201 

2 hra. 

74 

149 

3 hrs. 

101 


24 hrs 

6 

7 




Fja. GO. l^pidity of Icthiil iictiun of 100 Mg l>cr luI of streptomycin in brotli. 

Fio. 07. Speed of Icthul action of 100 Mg per ml etrcptoinycio in spin.al fluid. 

Figure G7 shovss conip.TPablc results of similar experiments c.»rricd out in 
spinal fluid. 

To detennine the range of size of the bacterial popuhitions encountcanl 
in innuc“nz.'il meningitis prior to treatment, spinal fluids from nineteen 
p.Uicnts iuivo been studied. The flgurcs in table IS present the number of 
viable organisms ]>cr ml of spin.al HumI and must therefore be multi]>lied by 
.ipproMiiutely 100 to ol>Uuu the total |xjpuUtiun. It is seen tlmt the 
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one hand, and streptomycin and sulfadiazine, on the other, since they 
appear to be equally effective, one must weigh the expense of the antiserum 
against the toxicity of streptomycin. Damage to the vestibular apparatus 
has been the most frequent sequela of streptomycin therapy administered 
for long periods; acoustic ncr\'e deafness is unusual unless very high concen- 
trations are allowed to accumulate in the blood following large doses or 
failure of excretion because of kidney damage. A small proportion of 

TABLE 4C 

Summary oj therapeutic resulU of treatment ^rith atreplomyein alone and uith 


adjunct* 







Arni AMiniosu 








ziiUArv 









..imsTS 



B 

s 

D 

Mild to averago 

S.M alone throughout 

22 

22 

0 




Severe 

SM alone 

8 

0 

8 

4 

2 


Averago 

SM 4- SD 








4- serum 

4 

4 





Severe 

SM 4* SD 








4* ecrum 

7 

6 

1 




Average 

S.M 4- SD 

1 

2 

0 




Severe 

SM 4- SD 

7 

7 

0 




Mild to severe 

S^l only 24 hours 








4- SD 

4 

4 

0 







II s Hccovcrics SM » Streptomycia 

S » Survivals SD Sulfadiazine 

D » Deaths 

Streptomycin alone for at least 4 days 

30 patients — 73 per cent successful (ail in mild or average group) 

Total number patients 53 

46 patients — 88 per cent apparently complete recovery 
4 patients — survived but defective mentally and physically 
3 patients — fatal 

children receiving streptomycm for only 4 or 5 days in the dosage outlined 
exhibit complete elimination of vestibular function. 

For these reasons, investigations have been carried out to learn Mhet er 
the period of streptomycin therapy can be shortened sufficiently to elun>' 
nate vestibular damage (13). In vitro experiments explored the short^t 
period of exposure to streptomycm that is effective in eliminating all of t e 
organisms. To determine what concentration of streptomycin should e 
used in these experiments, concentrations of the drug in spinal fluid of tiio 
patients were measured after intrathecal mtroduction of 25 mg; the resul s 
are shown in table 47. The concentration remaining after 3 hours, approxi- 
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mg will be adequate for the spcciBc chemotherapeutic effect of this anti- 
biotic and, when used along with sulfadiuzinc, can be expected to cure the 
majority of patients. These principles have been applied to the treatment 
of four patients; the results are summarized in table -49. Itecoveiy was 
rapid and complete; the culture.^ became sterile within 48 hours and the 
temperatures normal in 24 to 72 hours, even though two patients exhibited 
signs of severe infection. 

Colon bacillus 

E. coli is lespon&ihle for approximjxtcly 30 per cent of the cases of menin- 
gitis in infants during the first 4 to 0 weeks of life. The various theories 


TABLE J9 

Putienls treatfd mlh atreplotiiydn and aiilfadtazine for 24 hours 


TATIEVT 

ACE 

Ot/EATIOV 

UEMSCITIS 

MEMVlS 

TMERArV 

1 snsAL nvii> 

TEUPERA. 

TERL 

SUlUAL 

Sugar 

Uacuria 

1 Sterile 


meallit 

Jiyi 

isyt 

mt/l60 

per pU 

heitri 

keur$ 

K8 

17 

5 

SD2 

13 

22,000,000 

12 

24 




PI 





GK 

15 

1 

SDi 

71 

31 

13 

21 




I»i 



1 


TG 

■JO 

I 

SDt 

17 

. _ 

12 

21 




PI 





BG 

.10 


PI 

U 

ll,b0U.U00 

IS 

72 


IsD isuIf.Kluiziiie. I’ Penicillin. 


of puthogcne.''is an<l the incidence are icviewo<l by Itauch and Krmsky (1 1). 
Hairett, Hammelkamp,and Worcester (lo) have pulilishcd the most eomplete 
sur\'ey of this disease and the results of treatment with agents available 
prior to the advent of .streptomycin. In adults also, colon bacillus menin- 
gitis is frequently iussociated with scrioms tllscasc elsewhere. Paine, Mur- 
ray, Secler, and Finland (1) have brought the review up to date and added 
e\iK‘ricnec with streptomycin therapy. 

In the Babies Ho.-pital c.xpcricncc, bacteremia is present in virtually all 
mfant.suith colon baciJIusiiJcningili'*. ifo-t of Ihe.s,* infants show infection 
of the urinarj' tract; about .it) iht cent show .>01110 congenital anomaly of 
the uriiiaiy* tniet. In some infants with meningitis the premiing bac- 
teremia follows infect i«)n <jf the umbilical \ciii. .V friction of there cluldrcn 
do\clop meningitis from infection of a meniiigwcle. At times an infecUsl 
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numbei-s of organisms in the spinal fluid of these patients arc comparable 
with tile population sizes use<l in the oM>criments proscntwl. 

Thes<! experimental results loti to tmr fourth thenij)etitie j)rogram, «hicli 
is under investigation at present. The follow ing treatment is adminiatcred 
to all patients in the early stage of influenztd meningitis; Stieptomycinis 
administered for only 24 liours; it is given intramuscularly in an amount 
equivalent to 40 mg/kg in eight doses, and intrathecally in one do«e of 2o 
mg. Sodium sulfadiazine (0.1 gm/kg) is given subcutaneously at l2*liour 

TAULK 4S 


Currelalion helucen concctilratWH of tiigar ami of baclerial populalion inntndm 
patient* __ 


►AtlEVT 

&riS«L tlA U> SlAKt rONCCNTlA* 
TIOS Btroic ttCATMtS-T ^ 
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or iMTWt srivu. fiia. 
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334,000,000 

2 
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3 

6 

1 85,000,000 

4 

13 

43,000,000 

5 

11 

24,000,000 

6 

H 1 

11,800,000 

7 

27 

4,000,000 

S 

33 

1,820,000 

9 

18 1 

72,000 

10 

24 ‘ 

17,000 

11 i 

29 

8,340 

12 

24 

6,000 

13 

3S 

4,600 

14 

38 

2,140 

IS 

1 

1.830 

16 i 

23 

6C0 

17 1 

23 

44 

18 1 

i 74 ' 

24 

19 

' 29 

20 





intervals for at least 24 hours; theicafter it is given for 0 additional dajs 
orally as soon as the patient can dnnk without vomiting. For tw o reasons, 
this treatment is limited to patients in the early stage: the circulation o 
the spinal fluid is still free, permitting exposure of all areas of the mcninge» 
to the high concentrations of stieptomyxin which follow intrathecal injcc 
tion, and the likelihood of resistance to sulfonamides is remote. hen the 
latter drugs have been used meffectively for some time, the enhancement 
of streptomycin therapy by these agents may be lost because of emergence 
of resistance. A limited clinical trial suggests that a 24-hour period o 
intramuscular streptomycin administration and one intrathecal dose of 2 j 
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mg will be adequate for the specific chemotherapeutic effect of this anti- 
biotic and, when used along with sulfadiazine, can be expected to cure the 
majority of patients. These principles liave been applied to the treatment 
of four patients; the results are summarized in table 49. Recovery was 
rapid and complete; the cultures became sterile within 18 liours and the 
temperatuies normal in 24 to 72 hours, even though two patients exhibited 
signs of severe infection. 

Colon bacillus 

E. coli is responsible for approximately 30 per cent of the cases of menin- 
gitis m infants during the first 4 to 6 weeks of life. The various theories 

TABLE 49 


Pattenta treated with alreptomycin and aulfadiaiine for 24 hours 


PATIENT 
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Dl,aATlOV 
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PtEMOtS . 
TttEIAPT 

1 spisAimiD 

TEUPEBA* 
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hOUlAL 

Sugar 
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1 Stetile 
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Joyt 

dSit 

mt/lOO 1 

ml 

hours 
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KS 

17 

5 

SD2 

13 

22,000,000 

12 

24 




PI 





OK 

15 

1 

SD} 

74 

24 

12 

24 




I’! 





TG 

20 

1 

SOI 

17 

. ^ 

12 

24 




Pi 




i 

BG 

3G 

2 

PI 

14 

ll.SOO.UOO 

18 

72 


SD = SulLadiazinc. P = Penictlltn. 


of pathogenesis and the incidence are reviewed by Rauch and Krinsky (14). 
Rariett, Rammelkamp, and Worcester (lo) have published the most complete 
sui-vey of this disease and the results of treatment with agents available 
prior to the advent of streptomycin. In adults also, colon bacillus menin- 
gitis is frequently associated with serious disease elsewhere. Paine, Mm- 
lay. Seder, and Finland (1) have brought the review up to date and added 
experience with streptomycin therapy. 

In the Babies Hospital experience, bacteiemia is present in viitually all 
infants w ith colon bacillus meningitis. Most of thc&e infants show infection 
of the uiinaiy tiact, about 50 IH;r cent show .some congenital anomaly of 
the uiinary tract. In some infanta with meningitis the jneceding bac- 
teremia follows infection of the umbilical vein. A fraction of these childien 
develop meningitis from infection of a meningocele. At times an infected 
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numbei's of organisms in the spinal fluid of these i)aticnts are comparable 
with the population sizes used in the experiments piesonted. 

These' o.\perimental results Icii to our fourth thcnipcutic pi-ognim, whicli 
is under investigation at ptesent. The following ti-catment ia administcreil 
to all patients in the early stage of mflucnzi\l meningitis: Streptomycin 
administcied for only 24 hours; it is given intramuscularly in an amount 
equivalent to 40 mg/kg in eight doscs, and intrathecally in one dosc of 
mg. Sodium sulfadiazine (0.1 gm/kg) is given subcutaneously at 12-hour 

TAHLK IS 


Correlation hclmtti ronccutraCton of sugar and size of bacUrial population in nint/jf* 
patients 


PATIENT 

1 SPINiL miD SlCAtCONCEVTtl- 
> TION BErOt£.T«eATVT\T 
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or iMTiAt »risu rwio 
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j mt/lOO 

1 0 
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6 
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4 ; 
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48.000. 000 

24.000. 000 
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27 1 

■ 1,000,000 

S 

33 ^ 

1,820,000 

9 

18 1 

72,000 

10 

24 

17,000 

11 

2D 
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12 
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0,000 

13 

' 3S 1 

4,eoo 

14 

38 1 
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15 

44 j 

1,830 

16 

23 ' 

COO 

17 

28 1 

44 

IS 
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19 

29 
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intervals for at least 24 hours; thereafter it is given for G additional daj* 
orally as soon as the patient can drink without A'omiting. For tw o reasons* 
this treatment is limited to patients m the early stage: the circulation o 
the spinal fluid is still free, permitting exposure of all areas of the nieiungc-'- 
to the high concentrations of streptomycin which follow intrathecal mjcc 
tion, and the likelihood of lesistance to sulfonamides is remote. '' hen t le 
latter drugs have been used meifectively for some time, the enbaucemen 
of streptomycin therapy by these agents may be lost because of einc^cacc 
of resistance. A limited clinical trial suggests tliat a 24-hour period o 
intramuscular streptomycin admmistration and one intrathecal dose o 
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mg will be adequate for the specific chemotherapeutic effect of tlus antb 
biotic and, when used along with aulfadiazine, can be expected to cure the 
maiority of patients. These principlts have been applied to the treatment 
of four patients; the i-esults arc summarized in table -19. Recovery was 
rapid and complete; the cultures became sterile within 18 hours and the 
temperatuies normal in 2i to 72 hours, even tliough two patients exhibited 
signs of severe infection. 

Colon badllua 

E coh is vcbpon.^'ible for approximately 30 per cent of the cahcs of menin- 
gitib m infants during the first -i to 0 weeks of life. The various theories 


TABLE -JO 

PaliCJtts treated n'ilh itreplomycin end s«(t/ai/to 2 Uie for 2i hours 
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1 
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i 

BG 
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i ^ 

! n ' 

I » 

U,W0,0(W ! 

: 18 
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SD =» SuUaOiaziiic. P » I’cnicilhi). 


of pathogenesis and the incidence are icviewed by Rauch and Krinaky (1-i), 
Barrett, Rainnielkamp,and\Vorcester(lo)ha\'e published tliemostcomplete 
buivey of this disease and the results of treatment with agents available 
prior to the advent of streptomycin. In adults also, colon bacillus menin- 
gitis IS frequently associated with serious disease elsewhere Paine, ifur- 
ray, Seder, and fmhmd (1) have brought the review up to date and added 
o\j>enenco with streptomycin therapy. 

In the Babies Hospital experience, bacteremia is present in virtually all 
infants w itli colon bacillus nieiiingitis. Most of these infants show infection 
of the unnai'y tract; about M jior cent sliow* some cougeiutul anomaly of 
the urinary tnict. In some infants with meningitis the pix-ccding bac- 
teiemia folloivs infection of the umbilical vein. A fraction of tliesc children 
develop meningitis from infection of a meningocele. At limes an infected 
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numbers of organisms in the spinal fluid of these patients are comparable 
with the population sizes uso<l in the oxjK*rinient» presontc*!. 

These experimental rcstilts leil to our fourth thenipeutic program, whkh 
is under investigation at present. The following treatment is adminUtereii 
to all patients in the early stage of mfluenul meningitis: Streptomyciais 
administered for only 24 hours; it is given intramuscularly in an amount 
equivalent to 40 mg/kg in eight doscs, and intruthecally in one dose of 2.5 
mg. Stxlium .sulfadiazine (0.1 gm/kg) is given subcutaneou&Iy at 12-hour 

T.VULE 4S 

Correlation hetireen e/jneentratum of mgar and tize of bacterial population in ninU«* 
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inteiwals for at least 24 hours, thereafter it is given for 0 additional da} s 
orally as soon as the patient can dnnk without vomiting. For two reasons- 
this treatment is limited to patients m the early stage: the circulation o 
the spinal fluid is still free, permitting exposure of all aieas of the meninges 
to the high concentrations of streptomycin which follow intrathecal injec- 
tion, and the likelihood of resistance to sulfonamides is remote. ^Hien e 
latter drugs have been used inefTecthcly for some time, the enhancement 
of streptomycin therapy by these agents may be lost because of eme^ence 
of resistance. A limited clinical trial suggests that a 24-hour Period 
intramuscubr streptomycin administration and one intrathecal dose of -o 
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TABLE SO 


Therapeutic resuUa with streptomycin in meningitis due to gram-riegative bacilli other 
than U. infiuemae 
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SM a Streptom>*ciD. SD » Sulfadiaziae. 

U ■» Ilecoverica. S *• Survivals. D = Deaths. 
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congenital dermal ninus extends to the meninges. Recognition of sudi a 
source is important, since surgical excision of the sinus may be necessarj* to 
prevent recurrence. Blount has reviewed the literature and reported 5 
additional patients (18). 

The previous high mortality from this variety of meningitis has beea 
decreased by sulfonamide treatment; however, these drugs fail in a signifi- 
cant number of patients. 

Since a large proportion of patients with colon bacillus meningitis are 
young infants, the infections are likely to be severe and firmly established 
before treatment is instituted. Even though e.xperimcntal work shows 
that streptomycin has a rapid bactericidal effect on sensitive E. coli organ- 
isms, large populations will inevitably include resistant cells, and therefore 
a sulfonamide is an important part of treatment initially. The results of 
the limited experience u ith streptomycin therapy are summarized table 50. 

Ps. acrugifwsa 

Meningitis due to Ps. aerugitwsa is usually a complication of serious 
debilitating disease or results from introduction of the organism as a 
contaminant from a head wound or from lumbar puncture for a diagnosis 
or spinal anesthesia. The mortality is quite different in the two groups: 
in the former, without specific therapy, more than So per cent are fatal; 
and in the latter, about 55 per cent. P>'ocyaneus meningitis following 
introduction of intrathecal penicillin from contaminated syringes has been 
reported by Harris, Buxbaum, and Appclbaum (19). The bacteremia 
which at times follows instrumentation of the urinarj' tract may be the 
source. Experience prior to 1947 has been reviewed by Paine, Murray, 
Harris, and Finland (20). They have collected from the literature twenty- 
one cases treated with sulfonamides and penicillin; fifteen were fatal. 
Weinstein and Pemn (21) have reviewed eighty-two cases and added three 
of their own which followed spinal anesthesia. Only a small number of 
patients have been treated with streptomycin. These are listed in table 50. 

Kl. pneumoniae (Fricdldnder’s baciUiie) meningitis 

This variety of meningitis has been reported very infrequently. In 1913 
Ransmeier and Major (22) collected twenty-nine cases from previous 
publications and reported another. ^Vnalysis of this group shows that m 
about half of the cases the meningitis followed infections of the middle wr 
or paranasal sinuses. In the others, it was associated with pneumonia, 
cholecystitis, or colitis with bacteremia. Solomon (23) reported three 
patients in whom a fatal meningitis was associated with infected wounds, 
sulfadiazine and penicillin used in two of these were imsuccessful. Tar- 
takoff Grynbaum, and LeCompte reporteda caseof Friedlander’ s bacil- 

lus meningitis following operation for a meningioma. The spinal fluid 
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Proteus meningitis 

Tivcnty-oiie Cdses of Protens meniuptis ha\-e been i-eviewed by Lepow, 
Friedenthal, iind Jaffe (20). Of these, thirteen neie secondary to otitis 
media, and a focus could not be found in seven. Bacteremia was demon- 
strated in four. Of the fifteen casscs leported prior to the use of sul- 
fonamides, 86.7 per cent Mere fatal. Of the seven patients treated with 
sulfonamides, three recovered and four died. The authors reported a fatal 
outcome in one patient of their own, treated with streptomycin, penicillin, 
and sulfadiazine, apparently rather late in the course of the disease. The 
reports on results of streptomycin therapy are listed in table 50. 

P. iutarensis meningitis 

Five cases of tularemic meningitis have been leported (30); all occurred 
prior to the advent of streptomycin and were fatal. From the outstanding 
success of streptomycin therapy in systemic tularemia there is every 
reason to believe that meningitis will al&o respond if treated early. 

Other varieties oj grarn'iiegative bacillus meningitis 

A great variety of other gram-negative bacilli may cause meningitis but 
even less frequently than those just described. Any organism that nor- 
mally inhabits the intestinal tract may infect tlie meninges following 
bacteremia or contamination of the spinal fluid through head injuries, 
congenital defects (for c.xamplc, meningocele), or lumbar puncture. Teny, 
McBane and Dean (31) have reviewed four cases of meningitis caused by 
A. faccalis and reported one of their own treated successfully with strep- 
tomycin and sulfadiazine. The other varieties that have been treated with 
streptomycin are listed in table 50 As emphasized by Paine, Murray, 
Seder, and Finland (1), approximately half of these patients cited but the 
late stage of the disease played an important role. 

From the review of this expenence it is clear that certain points deserve 
emphasis. The number of jcports of development of meningitis from 
contamination of spinal fluid during diagnostic and therapeutic procedures 
and spinal anesthesia points out the need for stricter aseptic teclmique. 
Tlie need for accurate bacteriologic diagnosis is also appaient; the thera- 
peutic rcquncments differ with the species When gram-negative bacilli 
arc seen on stained smear the commonest variety, If. tnfiucmac, cun be 
identified within 30 minutes by demonstration of capsular swelling with 
typc'sppcific diagnostic scrum. When this reaction is alisent, the .spinal 
fluid should be seeded on an enlcnc medium, as for example ^IcConkey’s 
or SS agar (Difeo), in addition to I.«vintlud and blood agar; this saves time 
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became sterile after treatment with sulfadiazine and penicillin for 4 days* 
Subsequent administration of streptomycin, oOO mg jntrathecally and 1 gm 
every 8 hours intravenously, was followed by death of the patient; at post- 
mortem the meningitis had cleared. Paine, Murray, Sceler, and Finland 
(1) summarize tlie case reports of four previously' reported patients who 
were treated with streptomycin for A7. pneumoniae meningitis; all of these 
patients died. Fisher (23) has brought the review of past experience up to 
date and reported successful outcome in one patient after sulfadiazine, 
streptomycin, and penicillin therapy. 

Although the sulfonamides liavc been used successfully' in some patients 
even in infancy (26), their action is clearly' limited. Streptomycin has been 
Used in too small a group for evaluation. The marked in vitro and in mo 
sensitivity’ of Kl. pneumoniae to streptomycin suggest, however, that this 
antibiotic is the most effccrivc single agent. On the other liand, strepto- 
mycin can bo expected to be limited because of emergence of resistance in 
severe infections and also because of the frequency of serious underlying 
disease. Therefore, both sulfonamides and streptomycin are indicated 
initially' in all patients with this variety of meningitis. The results of 
treatment with streptomycin in a few cases listed in table 50 were very poor, 
but the serious underlying disease doubtless pLiyed an important role. 

Salmonella meningitis 

review of this subject by Xeter (27) summarizes past (experience. This 
variety of meningitis is associated with a bacteremia sccondaiy' to Salmo- 
nella enteritis, it is rare except m seriously ill infants. Under the latter 
circumstances it is often unrecognized until postmortem exammation. 
Recoveries have been reported after various sulfonamide thenipies (28). 
Yet the limitations of sulfonamides m Salmonella infection outside the 
central nen’ous system aic well known. 

Systemic Salmonella infections liax'e not been succesafully treated with 
streptomycin. In the five reported cases listed m table 50 the spinal fluid 
was sterilized in thiee but m two of these serious cerebral damage per- 
sisted. The experimental data suggest tliat the high concentrations of 
streptomycin that persist m the spinal fluid after an intrathecal doec of 2o 
mg will be adequate to eliminate relatively small bacterial populations- 

w hich acts through a difTercnt mechanism. The action of sulfonamides m 
this role can be expected to be limited Poly'myxm IJ, on the other lund, 
e.xerts n powerful bactericidal action against both streptomycin-resistant 
and -sensitive cells. 



NONTUBERCULOUS MENINGITIS 


379 


the survival of defective children. When //. influenzae is excluded, the 
majority of the patients \vho develop gram-negativ’e bacillus meningitis 
are under 6 months of age. In a significant fraction of these patients, 
infection of the meninges is not discovered until postmortem examination. 
These infants fail to develop the usual signs that lead to the suspicion of 
meningitis until the advanced stage is reached. Different criteria must be 
used as indications for performing lumbar puncture to diagnose meningitis 
in its early stage: increased tension of the fontanel, a staring expression, 
drowsiness alternating with irritability, a liigh-pitched cry, or persistent 
unexplained fever. 
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in differentiation of a member of the Hemophilus g.’oup from the enteric 
bpecics. 


. Conclusions on streptomycin therapy 

Stieptomycin is tlio most important single agent which has had clinical 
trial in meningitis due to gram-negative bacilli. Until there is proof that 
intrathecal streptomycin is unnecessary, administration by this route is 
indicated. There is reason to believe that one accomplishes little by in- 
creasing the intramuscular dose above 40 mg/kg body weight daily in 
eight doaos and the intrathecal dose beyond 25 to 50 mg at each injection; 
25 mg ia recommended for patients under 5 years. The elimination of 
vestibular function in a small fraction of patients treated for only 5 days 
according to this dosage demands that the duration of streptomycin therapy 
bo reduced to a minimum. In H. injlucmae meningitis a 24-hour period of 
intramuscular injections and one intrathecal dose appear to be enough. 
In some varieties, for example pyocyaneus, Salmonella, or typhoid menin* 
gitis, 25- to 50-mg doses given intrathccally at 12-hour intervals for four 
doses and continuation of intramuscubr treatment for 48 hours may be 
indicated. There is reason to believe that intrathecal streptomycin is not 
injurious when administered according to this principle. The experimental 
data suggest that the maximum streptomycin action occurs over a short 
period, not exceeding 48 hours after exposure of the organisms; those 
which persist are probably resistant and will require an agent working 
through a different mechanism. Of those wliich have had clinical trial, 
sulfadiazine is the adjunct of choice in meningitis due to H. injlucmae, E. 
coli, or Kl. pneximoniae. It was pointed out previously that mutants of 
injlucmae, E. coli, and Shigellac which aie hi^Iy resistant to streptomycin 
have been shown to exliibit normal sensitivity to sulfadiazine. lu 


of polymyxin B is much greater. ^Vlthough the latter antibiotic has not 
yet been proved to be free of a renal irritation factor, it has been u^d 
intrathccally without untoward effects (32). One or two intrathecal injec- 
tions can be expected to produce its maximal specific action, since its 
bactericidal action on some organisms, at least, is even more rapid thim 
that of streptomycin. Tlie concentration of sugar in the spinal flui 
before treatment offers a valuable guide to Uie number of adjuncts needed. 

Regardless of the high degree of efficiency that may be attained by use 
of the combined action of agents operating through different mechanisins, 
in eliminating all organisms from the spmal fluid, imless they are appne 
before irreparable damage lias been done such treatment will only pernu 
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Chapter 23 

TULAREAXIA 


Streptomycin is already by unanimous agreement the most elTcetive 
available agent for the treatment of tularemia (1). This is conspicuously 
true for the natural disease in man, and for the experimental disease in 
animals, including the white mouse, which is well Jaiown to be totally non- 
resistant to challenge with one viable cell of a virulent strain. Since nian- 
to-man transmission is so rare that it may be said practically not to occur, 
there arises no anxiety concerning posbible social consequences of the 
development of microbial resistance. Stieptomycm is so highly cifectivo 
tliat so far as recovery or the amelioration of seveio symptoms is concerned 
most patients require no additional therapy 
The aims of therapy are to pi'event deaths at tJie usual critical stage near 
the beginning of the third week of disease; to pievcnt all possible deaths 
from fulminating infections which kill in 4 to lO days; to ameliorate the 
severe and disabling symptoms; to pievent many bronchopulmonary lesions 
fiom becoming clinically manifest, and to keep manifest pneumonias and 
serosal lesions from grox\'ing large enough to cause analogues of the Herx- 
heimer leaction when they are treated; to diminish the lisk of suppurative 
adenitis; to prevent ulceration and the consequent risk of secondary infec- 
tion of primarylcsions; toadministercnoughstreptomyc/n fora longenough 
period to prevent therapeutic relapse, and yet to avoid excessive dosage so 
as to incur tlie fexxost possible instances of to.\ic reactions 

CWKICAL StODT 

The composition of a group of PI patients wlio were treated with stiep- 
lomycin and, for comparison, the ficquencies of clinical types and of 
pneumonia by type from a large tmscleclcd group hio shown in table 51. 
The highest tyjxe fatality rate, about 24 percent, is caused by the typboidal 
type, and the supeivciition of pneumonia nomially predicates a higher 
moilalily fiom all clinical lyjH’s. The ticatcHl gioup was highly selected 
for liic tyixlioixlaJ 1 ^ 7 x 0 and for pneuiiuath m nil type^, and tho I'lgurca for 
morbidity and mortaliti’ shown in table 52 are iiighly sigitificaiit. This 
group comprises many of the earliest patients to receive streptomycin, and 
381 
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onset of therapy ranging from the first to the 123rd days of disease. Two 
deaths occurred: one consequent upon lung abscess formation, the other on 
the sixth day of disease shortly after treatment was initiated. 

The individual effects of therapy were equally striking. During the first 
to third days of administration there occurred marked relief from headache, 
depression, and severe malaise; lowering of fever to normal; dwindling 
diameters of buboes; and lessening of imin in buboes and in primary 
lesions. Enlarging pulmonary exudates were usually but not always 
checked during the first few days. Stupor w’as often dispelled by the second 
or third day. I^Iany patients survived who at the onset of therapy were 
semicomatose or comatose, and w'ho had unremitting high fever, a com- 
bination marking the worst possible prognosis. 

The rate for suppurative adenitis w’as barely halved, and this relatively 
minor but distressing sequel caused significant prolongation of fever, dis- 
ease, and disability. The larger the bubo at onset of therapy, the greater 
the likelihood of suppuration, and resolution occurred in but few that 
reached or exceeded u diameter of 5 cm. A rough analysis of the meager 
data showed no correlation between total streptomycin dosage and sup- 
puration but did suggest some relationship to the length of the adminis- 
tration period; administration for 6 or more days showing less suppuration 
than from any dosage administered for less tlian 5 days. 

Drug fever occurred in three patients who received total dosages of 13.5, 
7.8, and 9.3 gm at daily rates of 3, 1, and 1.2 gm, respectively. Transitory 
tinnitus and circumora’ numbness followed the administration of 21 gm 
during 7 days. Vertigo, with or w ithout tinnitus, occurred in four patients 
who received 9 3, 5, 42, and 15 gm at daily rates of 1.2, 1, 3, and 1 gm, 
respectively Transitory headache, nausea, muscle cramps, or general 
mild malaise occurred in six patients who received 5 gm or less at rates of 1 
gm or less daily. Vertigo persisted in moderate degree for 5 or more months 
in a w Oman who received 9 3 gm at a rate of 1 .2 gm daily. Through the 
25th month after cessation of therapy she was still having difficulty in 
going down stairs, getting off cars, stepping off curbs; a firm grip on some- 
thing stable W’as required to prevent falling. 

Five patients in the series experienced analogues of the Herxheimer 
reaction, and the literature already contains at least as many. Tlio clinical 
chart for Cohen and Lasser’s case is illustrative (2). 

Discussion 

Although all major aims of therapy arc obviously being achieved, the 
degree of success with some of the minor ones is less conspicuous. Intra- 
muscular administration remains Ihe method of choice, but a continued 
insistence upon frequent injections, 3 or 1 hours apart, is not only un- 
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the figures include the resultant effects of errors of judgment and procedure. 
Although therapy was started as late as the average 20th day of disease, 
the mortality was reduced to one-third, and the major aspects of morbidity 
were reduced to about one-half those of the control group. The convales- 

TABLE 51 


Frequency of clinical types of tularemia and of pneumonia in a slreplomycin-treaki 
group compared with untelected type and pneumonia frequencies 
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TABLE 52 


Comparison of means from control group with aierages for slreptomycin-treated 
group 
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cent period, measured from the day therapy was started to the day UH' 
interrupted full-time woik could be resumed, averaged 39 da5'S These 
significant changes in the course of disease uere accomplished by ^\iae J 
varying total dosages, from 0.64 to 42 gm, an average of 7.86 gm per 
patient, usually administered intramuscularly every 3 or 4 hours, and wi 
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may safely assume that any dosage, maintained for 5 days, that was ade- 
quate to induce vast clinical impiovement would be extremely unlikely to 
peimit acute lelapbc, and that if the initial dosage caused in addition a 
posbible Her.\liejmer reaction, then the provisional resumption of this same 
dosage would be an adequate guard against the feaied alternative of thera- 
peutic lelapte. And under these conditions and time I’elations there could 
be no question of acquisition of microbial resistance to the antibiotic. 

Tlie detailed pathogenesis of suppurative l5'mpliadeniti8 is not clearly 
understood, and this may in part accoimt for the relatively poor showing of 
otherwise adequate treatment in the prevention of liquefaction of buboes. 
There is no satisfactory explanation for the subsequent enlargement and 
suppuration of nodes that Mere invisible and impalpable during the ell- 
treated acute phase or of those u’hich receded promptly to impalpable 
status under treatment. T’et suppuration under these circumstances has 
occurred as eaily as 10 days after cessation of treatment, and more fre- 
quently during the ensuing 8 m eeks. Since these events have also occuned 
in patients treated m ith serum therapy, and in many who received no special 
form of treatment, even with abrupt reenlaigement and rapid liquefaction 
as late ns the 34 th month after apparent termination of the disease, it may 
be inferred that some bacteria become lodged within certain cells of a node, • 
Mith or without benefit of thempj', and that the established equilibrium is 
subject to perturbations that may at times cause a reactivated local lesion. 
The associated minor to trivial constitutional symptoms are consistent 
■with an endogenous local reinfection m an otheiwise solidly immune person, 
as Francis fiist noted m lelation to exogenous local reinfections ( 5 ). This 
hypothesis implies a defective defense apparatus lather than a failure of the 
antibiotic, which may merely have been admmisteicd at a time uhen some 
bacteiia were shielded fiom its action. 

Unless it is possible to effect a total kiit of a/f bacteria within each patient 
by streptomycin, it may not be even theoi-ctically possible to prevent all 
suppurative adenopathy, an idea not inconsistent with all lecorded ex- 
perience to date. Since serum agglutinins aie formed and maintained for 
years despite massive therapy dining the earliest stages of the disease, 
implying continuous new antibody foimation and piobably the continued 
presence of living antigen, there is yet no evidence that streptomycin has 
killed everj' infecting bactciium in 403’^ patient Noi has such evidence 
yet been obtained foi the lecoveied e\peiimentull3’ infected animal. In 
the interest of lowest fiequenC3' of suppuiative adenitis, however, it is 
justifiable to administer streptomycin as earl3' as possible, before buboes 
liecome huge, to gi\e it for at least 0 da3’s if buboes arc present, and to 
mciease both the administration iicnod and the daily dose if buboes are 
larger than 3 cm. It is apparent that much more streptom3’cin is needed 
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necessary for moat patients with this disease but is an unjuatifiable source 
of discomfort and broken sleep. Calloway’s (3) experience tliat the patient 
with tularemia of average severity docs extremely well with injections 
every 8 hours is being confirmed by otliersand is a step in the right direction. 
The possibility of satisfactory response to injections everj’ 12 hours should 
be explored in suitably selected patients. 

Many early case reports illustrated a tendency toward e.xcessive dosage, 
some apparently owing to a failure to appreciate the effic.icy of the anti- 
biotic in this disease, and some obviously due to misinterpretation of the 
Herxheimer tj'pe of reaction. Since prolonged vestibular dysfunction has 
followed the administration of 1.2 gm daily for 8 days, and since there is 
no available evidence to justify the Uso of more lluin 0 gra i>cr patient, the 
trend toward smaller dosage, well exemplified by Hunt’s e.xccllcnt study (4) 
in which 3.0 gm was the average total do^ for the case of average severity, 
is sound and consistent with accumulating e.\pejjencc. It sccnis probable 
that a total dose of 2 to 3 gm per patient, as 0.5 gm a day for 2 days folloucd 
by 0.25 gm a day for 4 days, or else as 0.5 gm daily for C days, all injections 
being given 8 hours apart, will suffice for most.caecs. The psychic state 
and the nature of the temperature ciirx’c will piobably continue to be the 
best clinical guide to dosage. 

Tularemic exuebtes contain numerous bacteria and macrophage cells. 
Phagocytosis and solubilization of bacteria become enormously accelerated 
when the local concentration of streptomycin reaches a bacteriostatic level. 
Soluble bactenal products then diiTuse into Die blood, where they cliarac- 
teristically cau&e a lowering of previously determined agglutinin titers or, 
less easy to verify, a maintenance of a low titer far beyond the time at 
which the tiler normally would show a marked rise, also, if the source 
e.xudatc& are large the}' may provoke an e.xaccrbation of sj'mptoms clunic- 
teristic of tularemia and a lecurrcnce of fever to moderate degree. The 
fever, with or without ma!aij«e, headache, and drow&iness, may persist for 
10 days or longer, usually terminating at the time the first exideiice of 
resolution of the exudate is obtained, although its decline is often attnbuted 
to additional, often mlensix'e, streptomycin therapy, the removal of pleural 
fluid, or other coincident exent The Hervheimer type of reaction should 
be anticipated whenex'er large pulmonic or soiosal exudates aie present. 
The in mo agglutinin-absorption phenomena are reliable differential diag- 
nostic criteria if agglutinins aie present, m their absence, discrimmation 
between this reaction and a rclap'-c of the disease is possible by careful 
examination of the patient, who, despite the fovei and exen despite a con- 
siderable degree of malai‘^ anti mental dulnesa, usually can be shown to be 
actually better day by day even though the fever is still rising. In 
tularemia, unless further experience should indicate to the contrary, one 
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may safely assume that any dosage, maintained for 5 days, iliat was ade- 
i\uatc to induce va&t clinical impiovcmeiit would be e\ticmely unlikely to 
pcimit acute K'lap^e, and that if the initial dosage caused in addition a 
possible Ilevxhcimer icaction, then the piovisiounl resumption of tins same 
dosage would be an adequate guaid against the feaied alternative of thera- 
peutic relapse. And under these conditions and time lelatious theie could 
be no question of acquisition of micjobial I’esistance to the antibiotic. 

The detailed pathogenesis of suppurative lymphadenitis is not clearly 
understood, and this may in part account for the lelatively poor showing of 
otherwise adequate treatment in the prevention of liquefaction of buboes. 
Theic IS no satisfactory explanation for tlie subsequent enlargement and 
suppuration of nodes that were invisible and impalpable during the well- 
treated acute phase or of those winch icceded promptly to impalpable 
statu-- under ticatmcnt. Yet suppuration under these circumstances has 
occuned as eaily us 10 days after cessation of treatment, and more fre- 
quently duiing the ensuing 8 weeks. Since tliesc events have also occurred 
m patients treated v ilh scrum therapy, and in many who received no special 
foim of treatment, even with abrupt lecnJargcment and rapid liquefaction 
as late as the 3-ith month after apparent termination of the disease, it may 
be inferred that some bact'eila become lodged witliin certain cells of a node, • 
with or without benefit of therapy, and that the established equilibrium is 
subject to peiturbations that may at times cause a reactivated local lesion. 
The associated minor to trivial constitutional symptoms are consistent 
w’ith an endogenous local rcmfcction m an otherwise solidly immune person, 
as Francis first noted in leUition to exogenous local reinfections (5) This 
hypothesis implies a defective defense apparatus rather than a failure of the 
antibiotic, w Inch may meiely have been administered at a time w hen some 
bacteria wcio shielded fiom its action. 

Unless it IS possible to effect a total kill of off bacteria within each patient 
by stieptoraycin, it may not be even theorcticall}'^ possible to prevent all 
suppurative adenopathy, an idea not inconsistent with all lecoriled ex- 
penpiue to date Since scrum agghilimns aie formed and maintained for 
voais de.-'pjte massive theiapy during the eailiest stages of the ihscasc, 
implyinR continuous now antibody formation and probably the continued 
pu'-ence of hvmg antigen, theic is yet no ovidcnee that sticptomycin lias 
killed every infecting bacteiium m any iKiticnt. Xor luis such evidence 
\et ix’cu obtained for the iccovcied expeiimcntnlly infected animal. In 
the interest of lowest fiequcncy of suppuiutivc adenitis, however, it is 
pi-idiat>le ti> udmmistci streptomycin as early as possible, bcfoic buboes 
beeome large, to give it for at least 0 days if buboes arc present, and to 
meiea-x' bt)th the admini&iratum period and the daily dose if iiuboes arc 
larger than 3 cm It is ajiparent tliat much more streploniycin is needed 
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to prevent faorae buboes from suppuniting thnn ia necessaij’ to pre\eiit 
deaths from extensive tularemic pneumonias. However, the prevention of 
suppuration of a bubo at the risk of even a short-term loss of hearing or of 
equilibrium seems an excessive price for the gain. Perhaps the lue of 
dihj'drostrcptomycin will provide a practical solution. 

The relapsing patient who was not treated during the acute phase of 
disease, and who obtained onlj' transitory or no improvement from ample 
treatment (5 to C gm) at a later stage (0), seems to represent another 
expression of the same fundamental host: parasite relationship that permits 
recurrent lympliadenitis. The nature of the sjTnptoms and the con- 
comitant 2 « vivo agglutinin absorptions indicate that the relapses are 
endogenous icinfections in partly immunized persons, that the bacterio- 
static equilibzium of each relapsing |)crson was demonstrably unstable 
before treatment was first given. Since two other patients of this series 
obtained dramatically prompt recoveries from streplomycin first admin- 
istered during the 4th and 5th months of disease, respectively, there is no 
support for the opinion that mere chronicity of infection prior to therapy 
is a cause for therapeutic failure. 

Regional localizations respond well; conjunctivitis, pneumonia, pleurisy, 
• pericarditis, peritonitis, splcoUis, hepatitis, and meningitis or meningO" 
encephalitis liave been treated successfully. Recovery from meningitis has 
been induced with and without intrathecal therapy. Experience is too 
limited to appraise the need for or the risks of intrathecal therapy, but at 
jiresent this seems to be unnecessary. 

Treatment should be instituted as early as possible to achieve best the 
stated aims. There is yet no indication that continued disease of any 
duration would not respond well. The problem of the fulminant case is 
one solely of early diagnosis and early therapy, the former made by necessity 
entirely on clinical and epidemiologic grounds without loss of precious time 
in futile efforts to obtain laboratorj- confirmation. Verification is alwajs 
possible by subsequent agglutination tests if the patient survives. There 
is no evidence that the earliest treatment interferes with the development 
of the usual solid immunity after recovery. 
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ClIAPTEE 24 

BRUCELLOSIS 


Since the discovery of the etiology of brucellosis by Bruce over a half 
century ago, many agents have been evaluated in the therapy of this dis- 
ease. From time to time startling therapeutic claims have been made for 
this or tljat drug, but critical clinical evaluation has eventually eliminated 
each one of them. Introduction of the sulfonamides into the therapy of 
infectious diseases aroused high hopes that at last specific treatment would 
be available for brucellosis. Occasional cases of acute brucellosis have 
undoubtedly responded favorably to the use of such drugs as sulfanilamide 
and sulfadiazine. In general, however, sulfonamide therapy did not com- 
pletely control the disease, and relapses occurred frequently. It was 
readily demonstrated that penicillin was without effect either in experi- 
mentally infected animals or In human cases. It is understood, therefore, 
why considerable attention was given to the evaluation of streptomycin in 
human brucellosis. Early investigations indicated this new antibiotic was 
m.arkedly inhibitory for gram-negative Ixxcilli 

Natural Histouy of Brucellosis, 

Befoie the piesent status of slreptomyciu in the treatment of human 
brucellosis is set forth, some of tlie essential features of the clinical course 
of this disease should be recalled. It is important to bear in mind that 
human brucellosis may be caused by one of three species of Brucella; 
namely Br. niehfcnsfa, Br. suis, and Br. abortm. The most severe infections 
are caused by Br. nichiensis, and the mildest, by Br. ahorlus, though there 
are many excejitions to this general statement. Brucellosis may e.vist aa 
ail acute febrile disease which may tenuinatc spontaneously after a feu- 
days or weeks of illness; oi the illness may have an insidious onset, and 
active disease may persist for montlis or years. It is unfortunate that 
brucellosis has been diagnosed only too frequently on the basis of inade- 
tiuate data. In strict clinical investigation, only bactcriologically proved 
cases of brucellosis can form the ba^s for evaluating any specific agent. 

3S7 
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Stkepto.mycis in Exi'kkimental Brucellosis 
Early investigations in the Labonitorj* looked very promising, and it 
appealed that at long la&t sticptomycin was the specific agent for brucel- 
losis. Jones, Metzger, Sthatz, and Waksman (1) showed that infected 
chick embiyos could bo jirolccted by streptomycin. Conflicting results 
with streptomycin in experimentally infected guinea pigs weic obtained, 
Live, Sperling, and Stubbs(2) maintaining that the animals were protected, 
but Kelly and Henley (3) could not confirm this. Hall and Spink (4) 
tested tiic in vUro sensitivity to stieptomycin of a laige numlicr of strains 
freshly isolated from human beings and observed that growth of all the 
strains was inhibited bj’ concentrations of the dnig which could icadilybe 
attained in human beings. The observations of Jones d al. were confirmed 
in that streptomycin piotected c\i)ciimentally infected chick embrjos 
Co, G). 

STnElTOMVCI.N IN IIUMVN BRUCELLOSIS 
Although it had been dcmonstratccl m vilro that Bnicclla cells were sensi* 
tive to tlio action of stieptomycin, a iiaradoxical biological phenomenon 
was soon cneoiinteicd when the di-ug was administcicd to human cases of 
brucellosis. Several gioups lecordcd dlvippointing clinical results (7, S, 9i 
10, 11) In a few instances, moic encouraging lesults weie obtained (12). 
But with the passage of time, and as morc cases due to each of the three 
species of Brucella were ticated with streptomycin, it became appvXicnt that 
this antibiotic was not the answer to tlic therapy of bmcellosis. 

It is not clear whj' streptomycin should not favorably alter the clinical 
course of human bnicellosKs. Clinical failuies have not been due to the 
appearance of stieptomycin-iesistant strains of Brucella. It is possible 
that the type of tissue leactions induced by Bnicella may be ichtcd to the 
failure of stieptomycin to control the di.sea«^ Intracellular parasitism is a 
characteristic feature of bnicellosis, and it may be that BmcelU oiganisms 
are protected against the antibiotic within the confines of the tissue cells 
(13). In favor of this hypothesis is the observation that stieptomycin may 
cause temporary improvement in a seiiously ill patient with bniccllosi', but 
a demonstrable bactcicmia may api>oar shortly after therapy is ihscon- 
tmued, an occurrence often associated with a clinic.vl relapse 
Combined STUErTOM\ciN-SrLF\Di\ziM. Theiupv in IIumvn Bruci.llosIs 
Pulaski and Amspachci (9) lepoited that .sticjitomycui was without 
benefit in sexenteen patients haxing acute or cliroiiic bnicellosis. But 
when sulfadiazine was given simultaneously with stieptomycin to two 
patients with acute bnicel n<5is, there was a prompt lesponse. On the bap 
of this latter obseivation, these investigators iccommended that foi tlie 
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(icatmciit of l)niccllo>is> 0 5 {»tn of btieptomycin should be given intui- 
mtifrciiljiily every Olioiirs and 1 gm of Milfadiazineadminislcrcd oially every 
1 hours. Tioutment with both dings should be continued for iit least 2 
weeks. Subsequently, Ki&elc luid McCullough (14) recoided the successful 
tJieiapy of a .‘^ciiously 1 1 patient with the combination when fuiluie followed 
pievious tieutment with cither diug alone. Hall and Spink (4) had treated 
with bticptomycm a patient having subacute bacterial endocarditis due to 
Br. abortus. This theiap^’ was accompanied by definite clinical improve- 
ment in the patient’s condition, but after he had received 118 gm of strep- 
tomycin over a period of 31 days, colonies of Dr. abortus highly resistant in 
vitro to streptomycin weie isolated fiom blood cultmcs. One type of colony 
(“lesistant”) gicw in coneentiations of 50,000 units/ml of stieptomycin, 
whereas another type of colony (‘'dependent”) lequired the presence of 
streptomycin for giowth on agar plates. The patient was then given large 
doses ot sulfadiazine, which eliminated tlie bacteiemia. He expired 
suddenly because of acute cardiac failuie. Postmortem studies showed the 
piesence ot a scveie myocarditis and bactcria-fiec vegetations on the aortic 
\iilve Extensive bacteriological studies failed to reveal tlie presence of 
Hrucella in the tissues or body fluids This case is presented in some 
detail because it is tlio only icported case from which stieptomycin-iesistant 
IJnicella have been isolated as u icsult of ticatmcnt, and the sequence of 
events suggested fuither o.xpcnmcntal and clinical studies on the anti- 
brucella effect of stieptomycin and sulfadiazine in combination. 

Picliminary studies earned out at the University of Minnesota ivitli 
experimentally infected chick embryos showed that cither .stieptomycin or 
sulfadiazine prolonged the life of the cmbiyo (5, 0). But unless liigh con- 
tentiations of either ding wcic used, lirucclla organisms were isolated from 
the viable chicks’ tissues. When streptomycin and sulfadiazine were 
administered simultaneously, prolongation of life not only occurred, but in a 
high proportion of the embryos, no viable Brucella cells could bo isolated 
from the tissues. In this manner, the combined use of the two in eggs was 
found to be efTccti\c against all thice species of Brucella. Subseiiuently, 
SlialTer and Spink (15) pointed out that the combined action of these two 
agents was synergistic, that is, the total elTect of both drugs against Brucella 
was gi cater than the sum of the two drugs taken independently. 

During a period of 2 yo.us almost fifty cases of either acute or chronic 
)mii-('llosis have been treated with streptomycin and sulfadiazine at the 
Univci'-ity of Minnesota Ho--p)tals That thcic might be no doubt about 
what climc.d condition was being (leutcd, therapeutic evaluation has been 
l)a‘'ed only upon sixteen patients from whom Bnicella organisms have been 
isolated. .\11 c.ises were due to Br. ahorliis. The patients had been ill for 
peritsK ranging from a week to 9 months. When material is selected so 
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Stueptomycin in Expehimental Buucellosis 
Early investigations in the laboratory looked very promising, and it 
appeared that at long last streptomycin was the bpecific agent for brucel- 
losis. Jones, ^Ictzger, Schatz, and Waksman (1) showed that infected 
chick embryos could be protected by stieptoinycin. Conflicting results 
with stieptomycin in experimentally infected guinea pigs were obtained, 
Live, Sperling, and Stubl>s (2) maintaining that the animals weieprotected, 
but Kelly and Henley (3) could not confirm this. Hall and Spink (4) 
tested the tn vitro sensitivity to stieptomycin of a laige number of slmini 
freshly isolated fiom liumnn l>eings and observed that growth of all the 
stiains was inhibited by concentrations of the drug which could readily be 
attained in human beings. The ob.veivations of Jones it al were confirmed 
m that streptomycin protected experimentally infected chick embrj’os 
(5>C). 

Strei'TOmycin in Human Brucellosis 
Although it had been demonstrated tn iitro that Brucella cells weie sensi- 
tive to the action of stieptomycin, a paradoxical biological phenomenon 
was soon encountered wlien the drug was administered to human cases of 
brucellosis. Several groups lecordcd disappointing clinical results (7, 8, 0, 
10, 11). In a few instances, moio encouraging lesults weie obtained (12) 
But with the pa.‘>.sage of time, and as more cases due to each of the three 
species of Brucella w ere treated with stieptomycin, it became appaient that 
this antibiotic was not the answer to the therapy of bmcellosis. 

It is not clear why streptomycin should not favorablj' alter the clinical 
course of human brucellosis Clinical failuies have not been due to the 
appearance of streptomycin-iesistant strains of Brucella. It is possible 
that the type of tissue reactions induced by Bmcella may be related to the 
failuie of streptomycin to control the disease Intracellular parasitism is a 
characteristic feature of brucellosis, and it may be that Bmcella organisms 
are protected agam&t the antibiotic within the confines of the tissue cells 
(13) In favor of this hypothesis is the observation that streptomycin may 
cause temporary improvement m a seriously ill patient with bmcellosis, but 
a demonstrable bacteremia ma 3 ' appear shortly after therapy is discon- 
tinued, an occurrence often asMiciated with a clinical relapse. 

COMUINUD STREPTOMYCI\-SULP\DI-iZIXE ThER.\PV IV HuMW BhCCLLLOsIS 
Pulaski and .\mspachei (9) repoited that stieptomj-cm was without 
benefit m seventeen patients ha\ung acute or chronic bnicellosis But 
when sulfadiazine was given simultaneously with stieptomycin to two 
patients with acute biaicel osjs. theie was a prompt lespon^e On the basi® 
of this latter observation, these investigators lecommcnded that for the 



UnilCELLOSIS 


389 


tic.vtment of bnicclloMt' O.o gm of sjticptomycin should be given intin- 
mvisculaily evoiy (5 lionis and 1 gm of Milfiidiazineadministeied oiiilly eveiy 
■i houis. Ticatmcnt with both dings should be continued for at least 2 
vccks Subsequently, ImsoIc and McCullough (14) lecoided the successful 
theiapy of a senously i 1 patient with the combination when failiue followed 
picvious tieatment with either diug alone. Hall and Spink (4) had ticated 
witli sticptomyein a patient having subacute bacfctial cndocaiditis due to 
Br. abortus. This theiapy was accompanied by dehnite clinical improve- 
ment in the patient’s condition, but after he had leceivcd 118 gm of strep- 
tomyein ovei a pciiod of 31 dai's, colonies of Br. abortus highly lesistant in 
ntro to streptomycin neie isolated fiom blood ciiltuies. One type of colony 
(“lesistant”) giew in conecntiations of oO.OW) imits/ml of stieptomycin, 
whereas another type of colony (“dependent”) icquircd the piesence of 
streptomycin foi grow f h on agar plates. The patient was (hen given large 
doses of sulfadiazine, which ehminatcil the bacteremia. He c.\pned 
suddenly because of acute cardiac failuic. Postmoitem studies showed the 
piesencc of u seveie myocuiditisand bactciia-fice vegetations on the aortic 
valve. Extensive baeteuological studies failed to levcal the presence of 
Ihucella in the tissues or body fluids. This case is piesented in some 
detail because it is the only lepoiteil case fiom which stieptomycin-iesistant 
Ihucclla have been isolated us a le&ult of ticatmcnt, and (he sequence of 
events suggested fuither experimental and clinical studies on the anti- 
Imicella effect of streptomycin and sulfadiazine in combination. 

Preliminary studies ciuiied out at the University of Minnc-'^otu witli 
cxpeilmentally infected chick embryos showed that either stieptomycin or 
sulfadiazine piolonged the life of the embryo (5, 0). Put unless high con- 
centialions of eitlier dnig weie useil. Brucella oiganisms weie isolated fiom 
the viable clucks’ (issues. When strcp(oinycin and sulfadiazine weie 
adlnmi^tclcd simultaneously, prolongation of life not only occmicd, but in a 
high piopoition of the embryos, no viable Brucella cells could be isolated 
from the tissues. In this manner, the combined use of the two in eggs was 
found to be effective against all tlnee species of BmccUa. Subsequently, 
Shaffer and Spink (15) pointed out that the combined action of these two 
agents was syneigistic, that is, the total cITect of both dings again.stBnicella 
was gieatei tlian the sum of tlie two tlnigs taken independentb*. 

Dining a poiiod of 2 years almost fifty cases of either acute or chronic 
biiK'cllosis have been tieated with streptomycin and sulfadiazine at the 
L'lnver'-ity of Minnesota Hospitals. That there miglit be no doubt about 
wliat elinieal condition was lieing tieated, therapeutic evaluation has been 
lijM'd only upon sixteen patients from whom Brucella organisms have been 
isoUted All (Vises were due to Jir. abortus. The patients liad been ill for 
periisls ranging from a week to U months. When material is selected so 
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that only those patients wlh demonstrable bacteremias are included in the 
final analysis, it becomes obvious that the more severe cases have been 
treated, and a therapeutic regime is put to a stringent test. The cases 
treated included patients with complications sucli as subacute bacterial 
endocarditis and involvement of bone (11, 13). Of the eighteen patients, 
four had a clinical relapse after the completion of one course of therapy. 
These four patients recovered eventually, either after further specific 
treatment or spontaneously with the passage of time. As far as infections 
due to Br. ahorlxis are concerned, it would appear that approximately 75 
per cent of the patients have had no further symiptoms after one course of 
treatment. Careful bacteriolr^ical studies were carried out after the com- 
pletion of treatment, and there were two additional patients who were 
asiTOptomatic but whose blood cultures yielded Br. ahorlxis. For purposes 
of strict clinical investigation these patients have been considered as thera- 
peutic failures. This moans that about one-third of the patients treated 
had either a bacteriological or clinical relapse, or both, follorring the com- 
pletion of the fiist course of therapy. Though this leaves much to be 
desired, it represents a definite advancement in the specific therapy of 
human brucellosis. 

It is generally agiced that Br. mdtlcnsis causes a more severe tjTe of 
infection than does Br. abortus. -V cooperative study of melitensis infec- 
tions was made possible between the University of Minnesota group and 
Dr. M. Uuiz Castaneda, Director of Brucellosis Research in Mexico Oty. 
Patients having a demonstrable bacteremia ^Yerc treated at the Mexico 
Genoial Hospital. Many of these patients had been ill for several months, 
suffering from seveie neurological complications, and an occasional male 
had orchitis. Agam, since only bactcicmic cases were selected for study, 
the more severe patients were ticatcd A total of forty-eight patients com- 
pleted one course of treatment. Of these, 24 lecovered completely, that is, 
clinically and bacteriologically. The lemaining patients have had either a 
clinical or a bacteriological relapse, or both. It is of interest, though, that 
some clinical improvement was observed in many of the patients classified 
us therapeutic failuies It may be stated, tlien, that about 50 per cent of 
patients having infections due to Br. mehtensis recover completely following 
one coui’se of therapy 

Available data in this country would indicate that infections due to Br. 
suis do not lespond quite so well to streptomycin and sulfadiazine as to Br 
abortus infections, but they respond better than do infections caused by 
Br. mditcnsts. 

Although there has been some variation in the schedules of do»es used, 
the following schedule was finally selected; 0.5 gm of streptomycm is given 
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intramuscularly every 8 hours for 14 days. When treatment with strep- 
tomycin is started, 3 to 4 gm of sulfadiazine is administered orally and then 
1 gm every 4 hours for 14 days. One of the doses of sulfadiazine may be 
omitted at night. Rather than ©ve larger doses or continue therapy for a 
longer period, it is recommended that treatment should bo discontinued at 
the end of 14 days. Then, if a relapse should occur, treatment may bo 
given for another 14 days. 

Undesirable side effects have been associated with the administration of 
streptomycin. Experience at the University of Minnesota has revealed 
that about 5 per cent of patients receiving 0.5 gm of streptomycin every 6 
to 8 hours for 2 weeks will develop a marked vestibular dysfunction due to 
damage to the eightli nerve. For reasons that are not too clear, the inci- 
dence of dghth-nerve dysfunction in the patients treated in the Mexico 
General Hospital was around 15 per cent. No serious untoward reactions 
were associated with sulfadiazine. Because vestibular dysfunction may 
persist, considerable caution must be exercised by the physician before 
treating a patient for brucellosis. Furthermore, such treatment is not in- 
expensive, since the patients should be hospitalized. 

It is not clear why bacteriologic failures occur in patients who have 
received the combination of streptomycin and sulfadiazine. At the Uni- 
versity of Minnesota Hospitals this failuie has not been associated with the 
appearance of streptoraycia-resistant strains oi Brucella. Comparative 
studies carried out by Dr. Ellard Yow at the University of Minnesota with 
five strains of Br. aborlii^ isolated from the blood of patients after tlm ces- 
sation of streptomycin-sulfadiazine tlierapy have shoNvn that these strains 
are just as sensitive in vitro to streptomycin as were the cultures obtained 
from die patients before treatment was instituted. Through the courtesy 
of Dr. Sylva of the Mexico General Hospital, Dr. Yow has also studied 
seven strains of Br. mchtensis obtained from patients after the discontinu- 
ation of therapy, and in only one instance was the post- therapy strain more 
resistant than tlxat recovered before treatment. The most likely cxpbna- 
tion for the failure of streptomycin and sulfadiazine to eradicate Brucella 
from tile body may be correlated with the intracellular parasitism dis- 
played by Brucella organisms. It is not unlikely that a few of the bacteria 
remain protected against the drugs wthin the confines of body cells, where 
they may propagate and eventually find their way into the blood stream. 

Dihydrostrcptomycin apparently causes less neurotoxic reactions than 
(Joes streptomycin. Dr. Ellard Yow and Dr. Robert Magoffin at the 
University of Minnesota have sIiouti in nlro and in the c-xperimcntally 
infected chick embiyo tliat, weight for weight, dihydrostrcptomycin pos- 
sesses just as much antibruccUa activity as streptomycin. It is now recom- 
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mended that in the trcjxtment of hiimnii bnicellosis, dihydrostieptomycin 
be admini‘'tercd instead of streptomycin. 

CoXCI.USION'S 

Human Inucellosis may be due to one of thice species of Bnicella, namely, 
Br. ahorluSt Br. suis, or Br. melilcmis. In general, milder forms of the 
disease are caused by Br. aborlns, and a moie severe type of illness results 
from Br. mehtensis. Infections due to Br. suis aie more serious than those 
caused by' Br. abortus, but less so than mehtensis disease. Clinical obsena- 
tions at the Universityr of Minnesota Hospitals over a period of 2 years have 
revealed that a combination of streptomycin and sulfadiazine xrill lesult in 
a clinical and bacteriologic recovery in about two-thirds of the cases. The 
lemaining one-third may Iiave a clinical rclap&e, or blood cultures may show 
a persistent bacteremia in the absence of symptoms Included in a 
majority of these “therapeutic failures” are patients who are definitely 
improved by the treatment. Approximately 50 per cent of the patients 
with infections due to Br. mchlcusts lecover clinically and bactenologicallj’ 
following tieatmcnt. Again, most of the patients coiisideied as failures in 
treatment aie definitely improved asa result of tlierapy. The combination 
of fatreptomycm and buKadiazinc has been helpful in controlling severe 
complications such as bacterial endocarditis <lue to Brucella, osseous lesions, 
and neurological lesions. Bccaus>e of the neuroto.\ic reactions induced bj 
stieptomycin, especially vestibular dy'sfunction, it is recommended that 
instead of stieptomycin, dihydrostieptomycin be administered along with 
sulfadiazine. 

A though streptomycin and sulfadiazine liave not completely solved the 
problem of specific theiapy, the introduction and subsequent use of strep- 
tomycin along with sulfadiazine lias provided considerable encouragement 
in the efforts to treat human brucellosis 
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Chapter 25 

PLiVGUE 


Until recently, curative medicine found itself powerless against the 
rapidly disintegrating forces at work in the system of a human being in- 
fected wth a virulent plague bacillus. The hopelessness of the situation 
was reflected in. Heiser’s gloomy statement tliat there was no specific for 
plague and in Wu Lien-Teh’s remark in reference to pneumonic plague that 
“no form of treatment was found of any avail” (1). Early in 1940 this 
dark picture was brightened by the remarkable successes achie^ cd by the 
therapeutic application of new compounds in the sulfonamide series. In 
an epidemic in Indb it was found that the case mortality percentage for 
septicemic plague was reduced from 92.3 per cent to between 20 and M 
per cent when sulfadiazine was administered early in the course of the dis- 
ease (2, 3). With the discovery' of penicillin, anticipation was high, but it 
was found tliat this antibiotic liad no therapeutic value under the circum- 
stances of controlled experimental infection (4, 5). Consequently, it wm 
indeed gratifying to record, m July 1944, that streptomycin^ e-xerted, both 
in vitro and in vivo, a surprisingly powerful antibacterial action on P- 
pestts. Subsequent detailed laboratory studies by Quan, Foster, Larson, 
and Meyer (6), Homibrook (7), and others (8, 9) amply confirmed the 
early obser\’ations^hich led to the conclusion that streptomycin is tliemoa 
effective therapeutic agent thus far discovered for treatment of bubomc, 
septicemic, and pneumonic plague infections in mice and guinea pigs- 
Clinical observations by Videla (10) in Ai^entina, Karamchandani an 
Sundar Ilao (11) and others (13, 14) in India, and Estrade (15) inMnda- 
gascar have since substantiated this conclusion. Their use of tliis anti- 
biotic cut the well-known high case mortality rate of 75 to 90 per cent o 
4 per cent in bubonic and to 10 per cent in septicemic plague. 

Antibacterial Activity of Streptomycin on P. pestis in attRO 

Homibrook reported that growth of P pcslts m broth is inhibited bj 
streptomycin m a dilution of 1:160,000 (1 25 ug/m\). The antibiotic 

1 Kindly furnished by Dr. Selman A Waksman 
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appeared to have a bactericidal, ratlier than a bacteriostatic, action accord- 
ing to Herbert. With a concentration of 10 ng/ml, an inoculum of 1,900,- 
000/ml of P. pcstis (North African human stiain 337) was reduced to 
1,520/ml in 2 hours and was completely sterilized in 5.5 liours. Quan ct al., 
after more extensive studies on the dynamic action of streptomycin on the 
plague bacillus, made the following observations: Although the chemical 
composition and the pH of the suspending medium and the age and density 
of the culture exert some influence, it is the active concentiation of the 
antibiotic which determines the time necessary for bactericidal action, 
when the aforementioned factors are kept constant. Under suitable con- 
ditions, 1,250 pg/ml of streptomycin in liormone broth kills 100,000,000 
virulent P. pesUs/m\ (human strain “Shasta”) in 15 minutes. Tlie same 
number of organisms are destroyed in 4, 12, 24, 48 and 120 hours, lespec- 
tively, by 313 *ig/ml, 78 fig/ral, 39 Mg/ml, 20 fig/ml, and 5 Mg/ml. With 
an inoculum of 100,000 organisms of a recently isolated human strain 
(Modoc), the bacilli were killed by 0.2 pg/ml in 72 hours, whereas to kill an 
equal number of the Shasta strain required l.O jig/ml. Amounts varying 
from 0.4 to 4 0 Mg/ml proved bactericidal to six plague strains of Hawaiian, 
Egyptian, Indian, and Californian (U S.A.) origin in 5 days. Avirulent 
strains are usually more resistant; for c.\amplo, in 5 days, 100,000 of tlic 
E. V. 70 plague bacillus (Giiard)/ml aie killed only in the presence of 10 
Mg/ml, strains 14 and 1122 (Jawetz and Meyer) by 8 pg/ml, and the 
Tjiwidej strain (Otten) by 4 pg/ml. Furthermore, in the presence of 10 
per cent blood serum, 40 Mg/ml was required to kill 10,000 virulent P. 
pcstia (human strain “Yreku”) in 48 hours. 

In vitro studies in the laboratories of the lloopci Foundation showed 
that some plague bacilh hax'e the same ability to resist streptomycin as 
have other types of bacteria. It was found that although the ratio of the 
slightly resistant mutants varied from strain to strain, usually only few 
highly resistant bacilli wcic present ui a total of several hundred billion 
organisms. The biologic behavior of these icsistunt mutants, Iiowcver, 
was found to bo tiic same as that of tlic parent strains. 

Generally, dihydrostreptomycin was found to bo slightly less active in 
nlro, as well as m vivo, than unalteicd streptomycin. .Vn axeeption was 
found when a few strains which resisted 5,000 f^/ml of streptomycin could 
survive only 2,500 Mg/ml of the hydrogenated derivative. 

Cuii-VTivii Action- of tSTUEiTOMYCiN ix Exi»Eni\iENTAL I’lyguk 
Infections of Mice .vnd Guinea Pigs 
Infections brouglit about by subcutaneous inoculation with P. pcslis 
priKluics in mice a reasonably close icplica of natural bubonic jilague in 
man When 100 to 1,000 multiples of the M.L D. arc used, the infection 
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in mice usually becomes generalized, unremitting bacteremia is established 
in 40 to GO per cent of the animals, and the immunity mechanism becomes 
partly damaged by toxins in 36 to 48 houi^. At tius stage of the infection, 
repeated use of citlicr higlily potent antiplaguc sera or sulfonamides sam 
an average of only 35 per cent of the mice, uhereas streptomycin in the dose 
of 500 pg every 3 liours for 3 days or a total of 12.0 mg cured 100 per cent. 
A smaller total dose of 3.2 mg of streptomycin per mouse injected in 
amounts of 100 ng at G-hour intcn'als for 192 hours invariabl}' sterih’zes the 
blood stream, spleen, and liver; but the bacteria persist in the lymph nodes, 
and ultimately 40 per cent of the treated mice relapse and succumb to the 
disease. Relapses are seldom encountered when the dose is increased to 
200 tig every 6 hours for 5 to 10 days. IVhen only one large dose is injected 
intraperitoneally on the 48th hour of the experimental bubonic infection, 
the median curative dose is 1,000 to 1,250 jig for a 20-gm mouse or 50 to 02 
It, therefore, appears that the larger the dose of strcptonycin 
administered, the greater the possibility for the antibiotic to diffuse into 
the necrotic tissues of the regional bubo in a concentration sufficient to in- 
activate the brge number of plague bacilli in these sites ^Thich could readily 
cause fatal septicemia if treatment were discontinued. This idea has found 
further support in the tests reported by Sokhey and H’hgle (12) in Trhich 
treatment was instituted on the 72nd hour aith 0.8 mg. This amount 
given four times a day for 2 days thereafter, and then 0.2 mg was injected 
four times a day for the next 5 days. A total of 10.4 mg of streptomycin/ 
mouse cured nine of ten mice so treated. A few mice infected wth a very 
small dose of P. pcstis (48 to H4 oi^nisms) were also treated bcgmmng on 
the 48th hour after inoculation. Streptomycin in a total dose of 46.4 mg 
was administered subcutaneously following the same schedule; as might be 
expected a 1 the mice so treated were cured. 

^\n experimental disease similar in severity to that in mice is present m 
guinea pigs on the 120th hour after subcutaneous injection of 1,000 mm i* 
pics of the M L.D. of P. peslis. With a dose of 20,000 /^gAs appro.xi- 
matcly 10 mg daily per animal, over a period of 10 days, SO to 100 per 
of the animals in such a mild stage of septicemia are cured. It requires less 
streptomycin, therefore, to cure guinea pigs uith mild septicemia than to 
cure mice, on the basis of micrograms of antibiotic per gram of body weig • 
IVayson and I^IcMahon (8) saved the lives of thirty-eight of thirty-nine 
guinea pigs uith bubonic plague by using a total of 39 to 125 mg of the anU- 
biotic. They commented on the persistence of Hving plague bacilli in t e 
purulent buboes of nine animals sacrificed on the 21st day after inoculation, 
or 10 days after apparent recovery. Quan ei al. showed that injection o 
12,5 mg of streptomycin in 0.5 cc of physiological saline solution into 1 e 
tissues surrounding the bubo at 12'liour inten’als for 10 days sterilized the 
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leaons completely. The antibiotic avsulable at that time [19451 proved 
very initatmg, and even though the buboes became sterile, the necrotic 
areas were much larger than those of the controls or of the animals treated 
systemically. The experiment was later repeated with pure streptomycin, 
which gave rise to no irritation and confirmed the t/ierapeuh’c c^aency of 
local application. 

Unpublished observations by Quan and Meyer (5) failed to reveal a true 
synergistic action of streptomycin with the sulfonamides. Whenever the 
liighly potent antiplague rabbit ^unma globulin solution (new antiplague 
serum) was administered with streptomycin, hoivever, the percentages of 
cures in mice were slightly higher. In some ways tlie antiplague serum fur- 
nishes part of the immumty mechanism, which, in advanced infections, is 
usually severely damaged. Other experimenhi indicated that a partial im- 
munity induced by previous inoculation with plague antigens potentiates 
the action of stteptomycin in both mice and guinea pigs. Thus, prophylac- 
tic immunization of human beings could be expected to increase the chances 
of recovery from a severe plague infection wth the aid of streptomycin. 

The maximal eSectiveness of streptomycin has been studied with the in- 
fection in mice as a model, for Uiis resembles clinical septicemic plague in- 
duced by direct blood stream infection through multiple fleabites. To pro- 
duce this model, slightly resistant mice were injected intraperitoncally with 
2,000 virulent P. peshV, bacterenria and toxemia exist in such mice by the 
9th to 12th hour after infection, and death takes place in 34 to 72 hours. If 
treatment was instituted by the 9th hour after infection, two doses of BOO 
Mg each, or three doses of 400 mS each at 3-hour intervals were required to 
cute 80 to 90 per cent of nonbubonic septicemic plague infections. Smaller 
doses merely delayed death. If treatment was postponed until the 18th or 
24th hour, 1,G00 mS cured only 25 to 45 per cent of the mice. OnJy cariy 
treatment mih large doses of streptomycin cures septicemic plague in tutce. 
Under identical conditioas, even combined therapy with sulfadiazine and 
antiplague scrum proved ineifective. 

Lobular focal pneumonic plague induced in mice or guinea pigs by intra- 
nasal instillation or by inlialation of an infective cloud, is anatomically 
recognizable by the 3Gth hour and has been effectively cured with strepto- 
mycin. The therapeutic dose required to cure 90 to 95 per cent of mice 
infected for 35 hours varied between 200 and 400 Mg every G hours or be- 
tween G and 16 mg over a period of 5 to 10 days. Smaller doses or furtlicr 
delay in treatment reduced the chance for cure. The bactericidal action 
of stieptomycin on experimental pneumonic j>Iague in mice is fully illus- 
trated by comparative bacteriological counts of the entire lung tibbuc of 
treated and untreated mice (fig. CS), Mice arc killed at various intervals, 
•aud the loVves ot the lungs are removed ascptlcally and emulsified in a War- 
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ing blender. Suitable dilutions arc plated on rabbit blood agar. Only 6 
hours after treatment with do*es of SK) was started, the number of plagae 
bacilli uas leduccd from 3,000,000 per mouse lung to approximately 00,000, 
whereas in untreated animals it had advanced from the same point to 
10,000,000. By the 12th to 2-lth hour of treatment, the spleen of the 
treated mice became sterile, and less than 300 organisms were counted in 
the lungs. By the 96th hour after infection, when all untreated mice had 
died, the lungs and bronchial lymph nodes of treated mice either were 
sterile or contained only a few thousand plague bacilli in the absceas-hhe 
patches of pneumonia. It was impossible to isolate plague bacilli from 



Fig. 68 Bacteriological stusly of ioiranasally-infcctcd streptomycin-treated mice 


lungs or lymph nodes 100 hours after treatment with streptomycin had been 
initiated A relatively small amount of streptomycin (5 mg per anima.-— 
approximate y -10 pg/gm body weiglitaday) accomplished these reroarkabe 
therapeutic cfTecls In guinea pigs, pneumonic plague lesions producca J 
intranasal instillation and containing between 1,200 and 6,200 million • 
pcstts on the 36th hour arc completely sterilized with a total of 125 mg per 
animal (weighing about 500 gm) after G days of treatment with the anti 
biotic However, to sterilize lesions produced in guinea pigs wliich inna e 
an aerosol of plague bacilli, required 10 days of treatment with 10 mg/ '6 
every 6 hours, beginning on the 3rd day (fig 69). 

The remarkable feature of streptomycin therapy in experimental plague 
infections of mice and guinea pigs is the success aeWeved with compara 
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tively short periods of treatnieiit, or even with a single dose (16). The 
therapeutic picture contrasts ^mply with that of the sulfonamides, which 
until recently were the only agents of vahte in plague therapi’. The opti- 
mal therapeutic dose of streptomycin in the highly susceptible mouse or 
guinea pig corresponds to 10 mg/kg of body weight every 6 hours (appro.'ci- 
mately 3.0 gm a day for an adult weighing 75 kg). 

A recent observation, however, has denioiislrated that some plague bacjlij 
may resist the action of streptomycin. A. guinea pig that had inhaled a 



©©■.JJ© BACTtflUl. COUNT Of -« PCftCCNTACt Of t>E*B CONTRCtS 

UNTREATID P»& LUNCS PCftCCNTACE UNTftlATEB PICS 

BACTCRtAt COUNT Of FOUND IHFECTtO 

STBEPTOMTC'N-TRlATtP OF TREATtB P|«5 

PIC EUNCS fOWNO iwrtcTto 


Fig 69 A study yf streptymydo treatment pf expcriracutal primary pneumonic 
ptigue in Iho guinea pig (infected by inspiration of bactenai cioud). 

liens'C cloud of virulent organisms was treated 72 hours after infection and 
every 0 hourb thereafter with 20,000 ng of streptomycin per kilogram of 
body weight. On the Gth day of treatment the animal died. P. pcstis was 
l^olatelt from the spleen and grew 7tormaUg in i)ic presence oj 25,000 atf of 
'ilrepioinycin per milhhtcr of brolh. 'Hiis strain, still virulent, lias biologic 
eharacten.stics similar in .all respects to the parent strain, which grew well 
only in broth containing less than 4 /ig/ml streptomycin. 

The development of streptomycm-rcsisUint plague bacilli must therefore 
Ih‘ recognized, particularly when advanced mfectiona are treated with sub- 
optimal doM'S of the antibiotic. Fwtuuately, in the treatment of the indi- 
vidual jiaticnt tins resistance is of minor inrtportance, since it is independent 
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of resistance to sulfonamides. Collateral therapy \nth sulfadiazine inhibits 
the streptomycin-resistant strains until the immunity mechanism of the in- 
fected host is fully developed. Equally, the epidemiologic importance is 
insignificant, since drug-resistant strains arc, as a rule, confined to the closed 
necrotic lesions, and the infection does not become generalized. TTie bacilli 
enter the blood stream in numbers insufficient to infect fleas, and thus the 
transmission chain cannot be established. 


TkEATAIENT of IIUUIN PZi-lGUE 
Bubonic plague 

Successful clinical ticalmcnt of bubonic plague with streptomj'cia was 
first reported in 1947 by ^^idcla in .Vrgentina, who used the drug in six cases 
of severe bubonic-hepticemic plague. One, in addition, was complicated by 
plague meningitis. Two of the patients were youngsters (14 and 16 y^rs 
old); the others were adults. Treatment was varied and comprehensive*. 
The patients received sulfamcrazine in large doses and antiplague seim 
(100 ml intramuscularly in adults; 70 ml in children) for 3 days. Peaicilha 
was used whenever pulmonary complication due to secondary infection 
feared. The availability of streptomycin afforded an opportunity' for its 
trial when treatment then in use did not appear to be effective. In the 
complex case of meningeal plague the patient, a 14-year«old girl, received 
a total of 10 gm of streptomyom intramuscularly and subcutaneously in 3 
days. On tho 2nd day of treatment 225 mg of the antibiotic was also ad- 
ministered in tw'o doses by the cisternal route and 4 gm by the intramuscu- 
lar route. Fifteen hours later the purulent rachidian cephalic fluid was 
proved stcnle. The temperature and pulse became normal after 3 *^7^ ° 
treatment with streptomycin. Three of the other patients w'cre treated 
inth a total of 9.5 gm in daily doses of 1, 2, 3, 3, and 3, 2.5, 2.5, and 1.5^ 
intramuscularly or subcutaneously, beginning on the 3id to 5th day of sic ■ 
ness In one of the least complicated cases, the patient (29 years old, sten e 
blood culture on admission) was given 7 0 gm in 4 days irora the 3rd to t le 
6th day of illness. An additional case is found in a report, dated Januaiy 
1947, submitted by the /American Embassy in Buenos Aires to the Sccretaiy 
of Stale. In this case of uncomplicated right inguinal bubonic plague, 
treatment with 17 gm of streptomycin alone was successful. -4ftcr ai 
ministration of 12 gm, the temperature fell from 40®C on the 2nd day o 
37.5°C on the 5tli 
obtained by punc 

yielded P. pestis, . . 

and after the antibiotic treatment. Videla rightly' concluded tlmt enc 
treatment in six rather complicated cases is inadequate to establish 
value of any drug, but the results do hold hope for streptomycin. 
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Another report of the clinical use of streptomycin for plague was made by 
ICaramchandani and Sundar Rao (11), whose case records and temperature 
charts are of interest for the following reasons: (a) Five patients were all 
desperately ill, unconscious, and had temperatures of lOS"^ to 106°F. (b) 
The diagnosis of plague had betm confirmed by lymph node puncture in 
every case, (c) Two of the patients had received sulfathiazole twelve 
times by mouth and 60 to 100 ml of antiplaguc serum before streptomycin 
therapy was instituted, (d) Streptomycin in doses of 0.125 gra every 3 
hours was administered for 72 to 06 hours, (e) The total dose used for 
four patients was 4 gm, and for one, 2 gm. (f) Improvement was noted 
within 36 hours after 1.5 gm had been given, (g) All of the patients made 
a complete recovery. 

In a final report Karamchandani and Sundar Rao (17) analyze 206 cases 
of plague and compare the efficacy of various treatments. They selected 
15 moribund patients for therapy with streptomycin and although the 
mortality rate was 20 per cent, they express the view that “if there is any 
specific against plague it is streptomycin.” According to their studies, a 
total of 1 to 2 gm of streptomycin is the minimal effective dose; the greatest 
total doso is 8 gm in individual doses of 0.5 gm every 6 horns over a period 
of 4 days. 

These cases were among 152 in an outbreak of plague in the Anantapur 
District of Madras Presidency in which there were sixty-six deaths — a case 
mortality rate of 43.4 per cent. The mortality rate may have been low in 
part because some prophylactic inoculations against plague had been carried 
out in the district prior to and during the epidemic. In fact, it is note- 
worthy that a l3-ycar-old boy who received only 2 gm of btreptomycin had 
been inoculated against plague 6 days before admission, Mhen he had a 
temperature of lOo^F, a pulse rate of 150, respirations of 40 per minute, and 
a painful enlarged left femoral lymph node It is naturally a matter of 
conjecture how greatly the sulfathiazole influenced the course of the plague 
infection in these cases. It was demonstrated at the Hooper Foundation 
by means of experimental studies on mice and guinea pigs that active im- 
munization of the administration of antiplaguc serum definitely improves 
the therapeutic value of streptomycin, as well as that of sulfonamides. 
Thcho laboratory obscivations should be considered in an interpretation of 
the astonishing effcclivcness of very siuuU doses of the antibiotic. 

Stieptomycin treatment in 3 rases of very scvcie bubonic plague during 
the DUthieak in Haifa were icported by Haddad and Valeio (12). Since 
till* i)atients failed to respond to penicillin, sulfathiazole or sulfadiazine, 
they weie given stieptomycin in the doacs of 200 to 300 mg eveiy 3 hours 
f«ir from 5 to 12 days, or a total dose of from 10 to 17 giu of bticptomycin. 
.V fourth patient not treated with streptomycin died on the 8th day of ill- 
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ness. Apparently the buboes were not influenced by the late treatment 
and require<l surgical drainage to bring about resolution. 

Extensive clinical field trials were reported recently by Sokliey and 
Wagle (13), who have had a great deal of experience of this sort. Smee 
they had previously demonstrated that the most decisive factor in bubomc 
plague is development of septicemia, they made not only bubo puncture but 
blood cultures before treatment. They had observ'ed that as long as the 
lymph nodes prevent the spread of the bacteria into the blood stream and 
the infection remains localized, spontaneous recovery is apt to take place m 
a brge percentage of cases. But if septicemia develops, the infection 
proves fatal in moie than 90 per cent of the cases. 

During the couise of an epidemic in a group of villages, some 40 miles 
away from Poona (Central Division of Bombay, India), bubonic plague m as 
treated with streptomycin in 124 cases. These cases constituted half of a 
series of 243 unselected cases in which alternating patients were treated 
w ith either a sulfonamide (sulfadiazine or sulfamerazine) or streptomycin. 

An initial dose of O.CG gm was given and then 0.33 gm at 4-hour inteiaals 
until the temperature remained normal for 2 or 3 days. Thus, in niiW 
bubonic plague without septicemia the total quantity of drug used wied 
from 4 toSgm. In septicemic infections the total quantity of (be antibiotic 
used varied betw een 6 and 12 gm, but in five cases of exceptional severity it 
was necessary to use as much as 25 gm. Witli this dose schedule, the con- 
centration of streptomycin in the peripheral blood, as estimated in a fe« 
cases, reached 5 Mg in 4 hours, 10 Mg in 8 hours, and about 20 or more msM 
of serum 24 hours later. Tfie over-all striking therapeutic effects are sum- 
marized in table 53. 

Wien a mild infection remained confined to the lymph nodes, the tern 
perature became normal within an average of 29 hours. If severe septi 
cemia existed when treatment was begun, streptomycin brouglit the tem^ 
perature down to normal m an average of 55 hours. In a case of prunar} 
plague pneumonia with signs of consolidation in the lungs and severe leu 
penia, sulfamerazme was used at first, but when the nature of the infectiy 
process was recognized sticptomycin was given The antibiotic was a 
ministered at the rate of 0 66 gm every' 4 hours for 10 days. Reco\erj’ "as 
uneventful. 

No serious toxic symptoms weie noticed, m two cases a mild tenipo^^'J 
psychosis developed, and in one case, dermatitis, which disappeared w icD 
use of the drug was stopped. H d to 

During the epidemic near Poona ample oppoitunity was also affoidc 
compare the therapeutic effectiveness of streptomycin with that of su “ 
diazine and sulfamerazme Tlie definitely superior action of the 
IS attested by the comparative case mortality figures also presented m 
report of Sokhey and Wagle (table 53). 
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In a brief report, Gupta referred to the use of stieptomycia in the Camp- 
bell Hospital, Calcutta, in twenty-four cases of bubonic plague with seven 
dcatlis. Only in the severe infections ^^ere streptomycin injections given 
in doses of 1 to 3 gm daily for 4 to 9 days. The severity of the infection 
could be judged by the fact that two patients died within 12 houis after ad- 
mission. In another paper about plague in Calcutta, Panja, and Gupta (18) 
also recorded the interesting observation that P. peslis was isolated from a 
bubo of a patient who had licen treated with streptomycin for 2 days. 

Pneumonic plague 

Ilepoits on the tieatment of human primary pneumonic plague with 
'streptomycin are limited to the one by Sokhey and Wagle, two in South 

TABLE 53 

EJfeel of slreplomycin or sulfonamide Irealmenl on clinical bubonic plague (3) 

TMATUEKT j CAMS j DEATIJ j UOUTAWTY 


With or without septicemia when treatment was begun 


Streptomycin 

Sulfadiazine 1 

Sulfamcrazino 1 

Controls j 

124 

1C3 

U9 ' 

105 j 

5 

16 

9 

06 

fir etnl 

4.0 

9.5 

7.9 

5S.1 

With septicemia when treatment was begun 

Streptomycin . 

30 

1 ® 

10.0 

Sulfadiazine 

61 

3 

21.3 

Sulfamcrazine 

22 

! 7 

31.8 

Controls i 

9i 1 

81 

92.3 


Africa (19;, tuo m China, and one in Madagascar. The case of proved 
primary pneumonic plague icsulting from laboratory infection described 
by Uuang. Huang, Chu, and Huang (20) was first treated with sulfadiazine 
and then rt’ccivcd over a period of 18 days, a total of 21.4 gm of strepto- 
myc-in Uccovery occurred after a stormy protracted course, and it is be- 
hoved that combined therapy with sulfonamides and streptomycin uas 
ro-ponsitilo for this favorable result. 

Another confirmetl primary pneumonic plague infection of ti laboratory 
toohnii’iun m China was brought to our attention by Dr. U. Pollitzcr 
(21) The patient recovered uneventfully after bombardment with 81 gm 
<if Milfadiazine, SO gin of Midium sulfadiazine, 27 gm of streptomycin, 
1,100.000 units of penicillin, 1 dose of rabbit immune scrum, and 100 cc of 
Ycrsiu-typc scrum. 
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The following observations made by Dr. F. Estrado at Tananariva, 
Madagascar, aie available (fig. 70).* A lO-j’car-oId llfalagasy native was 
hospitalized for obser\’ation on ilarch 27 at 12:30 p.m., since his father and 
two brothers liad died from pneumonic plague shortly before. On admis- 
sion his temperature was 37.8®C, but by 3 p m. it had risen to 40°C. Strep- 
tomycin treatment was instituted. The patient, nevertheless, became rest- 
less and complained of thoracic pain on the right side. The conjunctivas 
wem injected, and the pulse was accelerated. The sputum uas th^ 
slightly rust colored, and by 7 p m. it had become definitely tinged with 
blood. By 9 p.m. the patient was delirious and depressed, suffered from 



Fig. 70 Primary pneumonic plague strcptomyctn treated (Observation by Dr F. 
Estrade, Madagascar). 


insomnia, and had a temperature of 40.8°C. The next morning the chest 
pain extended over a tliird of the lung; slight consolidation and signs ot 
bronchopneumonia persisted. The sputum became less blood-tinged (rust 
colored) at 10 a m , and by 4 pan. was whitish. Although a slight cough 
still persisted, the patient rested comfortably and Ins general condition re- 
mained good throughout the following day. During a coughing spcH ^^t 
4:40 p m., hoaever, he raised some whitish sputum containing a small bloo 
clot. Again at 10 p.m. the expectorations weie blood-tinged, but the tem- 
> Through the courtesy of Dr. G. Girard of the Plague Service of the 
Pasteur. 
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perature, which had dropped steadilj', reached 38.2°C. Progressive im- 
provement was evident on March 30 and 31 wth slight temperature fluc- 
tuations between 37° and 38°C. A local reaction where the antibiotic was 
injected in the buttock, which was responsible for the slight rise in tem- 
perature, was arrested by local applications of hot compiesses. On April 
2 and 3 the patient was in excellent condition and had a good appetite 
Convalescence was uneventful (fig. 70). 

IVhen streptomycin treatment ivas instituted on March 27, the tempera- 
ture was 40°C; the sputum not only was blood-tinged, but also contained 
plague bacilli, which was proved by guinea pig inoculation. Every 3 hours 
the patient was given 0.5 gm of streptomycin; a total of 25.75 gm was ad- 
ministered. In addition, he was given camphostyl, camphor in oil, and 
drinks containing alcohol. The sputum specimens taken after administra- 
tion of the antibiotic were proved free from P. peshs when inoculated into 
guinea pigs. 

Ordinarily, a pei&on uith the symptoms described m piimaiy pneumonic 
plague would have succumbed within 24 to 36 hours if he had not been given 
any specific tieatmcnt. In reality, the P. peslts responsible for the infection 
was in at least its second human passage, since thiee other members of 
the household in which the outbieak occurred had died. In view of these 
factors, the remarkable effectiveness of streptomycin is uncontestable and 
deserves the fullest recognition For Ihe Jirst lime tn the nefarious history of 
plague a drug which imU cure the pneumonic form has been found. As soon 
as this fact becomes generally Icnowm, the natives in regions where pneu- 
monic plague occurs unll bring the incipient cases to the attention of physi- 
cians instead of keeping them hidden in crowded quarters, thus serving as 
further sources of infection. Then, if streptomycin together ivith sulfa- 
diazine is used conscientiously and vigorously in the early stages of any out- 
break of pneumonic plague, there is every reason to anticipate that it will 
aid in a rapid termination of the threat of d^aster. 

Clinical Use of STBEProRiYcaN m Human PliAGUe 

In regions where plague in wild rodents or in rats is endemic, it is impel a- 
tive that the possibility of an infection Avith P. peslis be considered con- 
stantly by physicians Early diagnosis is of the gieatest importance not 
only to the patient, whose recovery may depend on early administration of 
streptomycin, but also to his family, his physician, and the community, 
whose lives may depend on adequate prophylactic precautions. It is 
recommended that the following procedures be carried out in the order 
mentioned when the presence of plague is suspected: 

1. Administer sulfadiazine or any other effective sulfonamide. 

2. Puncture the bubo in its earliest stages with an 18-gauge needle 
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The following obsen-ations made by Dr. F. Estrade at Tananariva, 
Madagascar, are avaibble (fig. 70),* A 19-ycar-oId Malagasy native was 
hospitalized for obser\*ation on March 27 at 12:30 p.m., since 1^ father and 
two brothers had died from pneumonic plague shortly before. On adnns- 
sion his temperature was 37.8°C, but by 3 p.m. it had risen to 40'C. Strep- 
tomycin treatment was instituted. The patient, nevertheless, became rest- 
less and complained of thoracic pain on the right side- The conjunctivas 
were injected, and the puke was accelerated. The sputum uas th^ 
slighti}’ rust colored, and hy 7 p.m. it had become definitely tinged with 
blood. By 9 p.m. the patient was delirious and depressed, suffered from 
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Fig 70. Primary pneumonic plague strcptom^'cia treated (Obser^-ation by Dr F. 
Estrade, Madagascar) 


insomnia, and had a temperature of 40.8®C. The ne.\t morning the che= 
pain extended over a third of the lung; slight consolidation and signs o 
bronchopneumonia persisted. The sputum became less blood-tinged (rus 
colored) at 10 a m , and by 4 p.m, tvas whitish. Although a slight coug 
still persisted, the patient rested comfortably and his general condition re* 
mained good throughout the following day. During a coughing spell a 
4:40 p.m., however, he raised some whitish sputum containing a small blooo 
clot. Again at 10 p.m. the e.xpcctorations were blood-tinged, but the tern 
‘Through the courtesy of Dr. G. Girard of the Plague Service of the Institot 
Pasteur. 
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perature, which had dropped steadily, reached 38.2“C. Progressive im- 
provement was evident on March 30 and 31 \vith slight temperature fluc- 
tuations between 37° and SS^C. A local leaction where the antibiotic was 
injected in the buttock, which was responsible for the slight rise in tem- 
perature, was arrested by local applications of hot compresses. On April 
2 and 3 the patient was in e.Ncellent condition and had a good appetite. 
Convalescence was uneventful (fig. 70). 

When streptomycin treatment was instituted on March 27, the tempera- 
ture was 40°C; the sputum not only w'as blood-tinged, but also contained 
plague bacilli, which was proved by guinea pig inoculation. Every 3 hours 
the patient was given 0.5 gm of streptomycin; a total of 25.75 gm was ad- 
ministered. In addition, he u’as given camphostyl, camphor in oil, and 
drinks containing alcohol. The sputum specimens taken after administra- 
tion of the antibiotic were proved free from P. peslis when inoculated into 
guinea pigs. 

Oidinanly, a person irith the symptoms described m primaiy pneumonic 
plague would have succumbed within 24 to 30 liours if he had not been given 
any specific treatment In reality, the F. peshs responsible for the infection 
was in at least its second human passage, since thiec other membeis of 
the household in \^hich the outbreak occurred had died. In view of these 
factors, the remarkable effectiveness of streptomycin is uncontestable and 
deserves the fullest recognition. For the first time in the nefarious history of 
plague a drug which will cure the pneumonic form has been found. As soon 
as this fact becomes generally luiown, the natives in regions where pneu- 
monic plague occurs will bring the incipient cases to the attention of physi- 
cians instead of keeping them hidden in crowded quarters, thus serving as 
further sources of infection. Then, if streptomycin together with sulfa- 
diazine is used conscientiously and vigorously in the early stages of any out- 
break of pneumonic plague, there is every leason to anticipate that it will 
aid in a rapid termination of the threat of disaster. 

Clinical Use op Stkeptomycin in Human Plague 

In regions where plague in wild rodents or in rats is endemic, it is impeui- 
tive that the possibility of an infection wth P. peshs be considered con- 
stantly by physicians. Early diagnosis is of the greatest impoitance not 
only to the patient, whose lecovery may depend on early administration of 
streptomycin, but also to his family, his physician, and the community, 
\\hose lives may depend on adequate prophylactic precautions It is 
recommended that the following procedures be carried out in the order 
mentioned when the presence of plague is suspected: 

1 Administer sulfadiazine or any other effective sulfonamide. 

2. Puncture the bubo in its earliest stages \nth an 18-gauge needle 
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mounted on a well-fitted 5- or 10-cc syringe, and aspirate a small smount 
of gelatinous edema fluid. Spread drops of the exudate on two blood plates 
and in thin films on slides. Polychromatic stains reveal the morphologic 
characteristics of P. pcstis. 

3. Collect 0.5 ml of blood from the cubital vein and allow 0 25 ml to run 
over each of two blood-agar plates or agar slants. These blood cultures are 
used to detect plague septicemia. Tlic presence of more than ten colonies 
indicates established severe septicemia, whereas fewer may be interpreted 
to be temporary showers indicative of mild septicemia. 

4. Determine the appropriate dose of streptomycin and begin treatment 
as soon as possible. The formation of an optimal dose of streptomycin re- 
quired to cuie plague in its different stages and forms depends on further 
clinical experience. In relatively mild bubonic infections, on the first day 
0.25 gm should be given intramuscularly evciy 4 hours (1.5 gm during the 
first day) and thereafter every 6 hours until the temperature remains nor- 
mal for 3 days. In severe septicemia, the initial dose should be liigh— be- 
tween 0.50 and 0.75 gm every 4 hours during the 1st and 2nd days; smaller 
doses then may be administered. Continue treatment for at least 4 or 5 
days, by which time the temperatuie usually lias reached normal levels ^ In 
cases of exceptional severity, particularly in pneumonic plague, an initial 
dose of 4 to 6 gm daily' for 2 days is recommended; for the folloiring 0 days 
daily doses of 3 or 4 gm should be used. The doses of the antibiotic should 
be large at first, but for economy they may safely be reduced on the 3rd or 
4th day of therapy’. After the 5th d;iy streptomycin may be dropped, but 
sulfadiazine should be continued. In the treatment of plague, the following 
tentative total maximum quantities of streptomycin are recommended, 
bubonic plague without septicemia, 4 to 6 gm; septicemic and pneumonic 
plague, 12 to 25 gm. 

IVlien the patient docs not respond to the btreptomycin-sulfonamide 

treatment in 2 or 3 days, even when optimal or larger initial doses liave been 
given, the possibility that the infecting strain is resistant to this antibiotic 
should be considered. In such cases aerosporin, Chloromycetin, aureomj- 
cin, and potent antiplague horse scrum or rabbit antiplague gamma globulin 
solution may prove beneficial. 
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FRIEDLANDER’S BACILLUS (KlEBSIELLi. 
PNEmiONIAE) INFECTIONS: THEIR 
TREAT^AIEiNT WITH STREPTOMYCIN 


The isolation and perfection, during the Jast decade cspecLilIy, of neiv 
chemotherapeutic and antibiotic agents, nhich are specific for di/Tereiit in- 
fections, have 1 esulted in remarkable improvement in the therapy of many 
of the infectious diseases. The availability of a number of neiv compounds, 
many of uhicii may be thempeuticalJy effective in different degrees, de- 
pending on the causative raicrooiganisms, iias increased the necesaty for 
accurate bactcriologic diagnosis. Also, the selection of the most effecth*e 
chemotherapeutic or antibiotic agent complicates rather than simplifies 
treatment of the infectious diseases. Adequate therapy requires spwial 
knowledge and information concerning a number of fact ors which materiaUj’ 
inSuence its application and the ulrimafe prognosis, namely: 

1. Complete diagnosis, natural courae, and immediate and remote poten- 
tialities of the disease. 

2. Isolation and identification of the lesponsible organism or oiganisms- 

3. Selection of the most effective, yet least to.vic, chemotherapeutic or 
antibiotic agent available. 

4. Use of the optimum daily dosage feasible nith avoidance of irre% enable 
or serious to.vic effects. 


5. Continuation of treatment sufficieiitb’ long to achieve arrest or cure 
of the disease, but withdraAral of therapy \rith sufficient promptness to 
avoid drug-fast organisms. 

G. Possibilities of other therapeutic agents, of combined cliemotherap' , 
and use of surgen’ in combination with chemotherapeutic agents or 
antibiotics (Surgery is u.«ually neccssarj' if localized collections o 
pus or abscesses are present, even though the organism is sensitive to 
the cliemotherapeufic agent being used.) 

Tile above problems related to the best choice and u.-e of chemothera- 
peutic or antibiotic agents and the timely integration of surgery arc often 
difficult but usually not unsurmountable. The availability of several po- 


40S 



KLEBSlJiLlA tOTECnoSS 


409 


tentially effective agents affords a novel opportunity of designing tiie spe- 
cific tiierapy to the individual needs of the patient. 

The isolation of streptomycin in 1944 by Scliatz, Bugie, and Waksman (1) 
and die demonstration by them, later confirmed by numerous others, that 
this drug inhibits the i»i liiro growth of a >vide variety of gram-negative 
organisms, including Friedliinder^s bacillus (/Cf, ■pnaumoniae) and other 
microorganisms such as },l. iuherculo&is, added still another promising thera- 
peutic agent to the rapidly increasing number of compounds available for 
the treatment of infectious discu&ca. In vitro tests of streptomycin were 
soon followed by in vu'o studies and later by clinical trials, at first on a 
limited but more recently on a vast scale. 

Heilman (2) was one of the first to test, in 1945, the effect of streptomycin 
on the growth of /Ch pneumoafac tu vitro. He tested nine different strains. 
Five of the nine strains had been isolated only a short time before his 
studies. Four otlier strains, which bad been subcultured repeatedly, were 
also tested by Heilman for streptomycin sensitivity. All four strains be- 
longed to type A. Although there was some difference in. the sensitivity of 
the nine strains, all proved sensitive m I'llro to 1.5 to 2.5 units of strepto- 
mycin per milhliter of culture medium. AH growth was completely in- 
Inbited by these concentrations of the antibiotic. 

Iri vho tests, also by Heilman, indicated a marked protective effect of 
streptomycin for mice infected mtraabdominaUy wih three different strains 
of organisms. Sixty-nine mice, inoculated with 1,000 to 10,000 times the 
lethal dose of Klebsiella organisms, were treated with streptomycin for 2 
to 3 days. Of those treated, 90 per cent survived But of forty-nine mice, 
similarly infected and used as controls, all died. It was found however 
that, when mice were infected by the mtraousal route, larger daily dosage of 
streptomycin and more prolonged treatment were necessary to achieve 
effective protection. The results of these i« vitro and m vivo studies 
strongly indicated that streptomycin might prove therapeuticaUy effective 
in the treatment of Friedlandcr’s bacillus infections in man. Before strep- 
tomycin therapy of clinical Fricdlandcr infections is considered, however, 
certain pertinent aspects of the disease itself should be discussed briefly. 

iNyncxioNs CAU&£a> nv tub B.i.cillus 

In order more accurately to evaluate the thenipeutic efficacy of a new 
ebemotherapeutic agent or antibiotic, such as streptomycin, particularly in 
the treatment of such infections as those caused by Kl yncumoniae, it is> 
c&=ential to bear m niind certain facts concerning tlie organism and certain 
chamctcnslics of the wide variety of pulmonary and oxtrapulmonary dis- 
eases caused by the organism. 
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' Incidence and distribution of the organism 

Ford (3) has leported (hat Friedlander's bacillus is widel}' distributed in 
nature. It has been shown to exist in the air, in soil, and in large bodies of 
water. Man is a fi'cqucnt carrier. Dudgeon (4) pointed out that the 
organism has been dcmonstnitcd m the intestinal tract of 5.5 per cent of 
normal persons, and Rloomfield (5) found the organism in the respiratorj’ 
tract of approximately the .s;ime 2 )ercciitag 0 of normal individuals. 

Principle sites of infection 

A review of the literatuie strongly suggests that prior to a decade ago 
attention had been primarily focused upon pulmonarj’ infections caused by 
Friedlander’s bacillus. In one of the largest series lepoited, houe\er, 
Baehr, Shwartzman, and Greenspan (G), in a study of 198 cases, emphasized 
that, in their experience, oxtrapulmonary infections ■were more prevalent 
than pulmonary infections. They found that the gastro-mtestinal tract 
was the “prim.ary site” in 31 per cent of their cases, the genito-urinary tract 
m 25 per cent, the biliary passages and liver in 23 per cent, the lungs and 
lespiratory tract in only 12.5 per cent, miscellaneous sites in 5 per cent, and 
the vagina, uterus, and adnexa in 3.5 per cent. ITieir findings suggest that 
more than 50 per cent of Friedlander's bacillus infections are likely to be 
located m the gastro-intestinal tract and biliary passages and liver, whereas 
only about one-fourth of this number is likely to be found in the respiratory 
tiact In a series of 4,310 cases of lobar pneumonia studied at Bellewe 
Hospital between 1920 and 1931 inclusive, only 33 cases of Friedfanders 
pneumonia w’ere found (7). On the other hand, it has been estimated that 
‘‘approximately 1 to 3 per cent of all pneumonias are due to Kl- prjeu- 
moniae” (8) 

Picdispostng factors 

A debilitated condition resulting from any of a wide vanety of causes, 
such as diabetes and other nutritional disturbances, chronic sinusitis, or 
interference with drainage m the unnaz^' or biliar^^ tracts, may predispose 
to Friedlander’s bacillus infections It has not been the writer’s a\pen- 
ence, however, that Friedlander’s bacillus infections are found any more 
often m patients with chronic bronchitis, bronchiectasis, pulmonary tuber- 
culosis, or bronchiogemc carcinoma than m patients without these con- 
ditions. It has been noted that poor oral hygiene and carious teeth are 
frequently present in patients developmg Friedlander’s pneumonia. Chronic 
alcoholism also may be a predisposing factor, as it frequently is in pneu 
mocoecus pneumonias The disease seems to occur moie frequently m 
infants and elderly persons than m other age groups. 
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Morbid anatomy and clinical features 

It has been deinonatrated experimentally (9) that, wliea mice aie inocu- 
lated sulx’iitaneously uitli Frietllanfler organisms, a rapidly spreading acute 
suppujative piocess, containing viscid exudate and consisting largelj' of 
leucocytes, fibrin, and bacilli, develops. Likewise, intiapcritoneal infection 
m mice leads to an acute suppurative peritonitis with viscid exudate and 
rapid appearance of septicemia and dealli of the animals within a short 
time. 

Reports m most texts concerning the moibid anatomy and clinical fea- 
tures of the disease aie sketchy. Boyd (10) stated that Friedlander’s 
"pneumonia mns an acute course”; tlie lesions are usually lobar, occasion- 
ally lobular, and have a cliaract eristic mucinous appearance. Cecil (11) 
described the disease as a classic type, usually lobar in extent, but multiple 
lobes may be involved. The lesions are characterized by a sticky viscid 
exudate and massive consolidation. 

In a fatal case of Fricdlander’s pneumonia (12), inadequately treated 
with streptomycin (2 days), the autopsy icvealcd extensive consolidation 
duo to acute inflammatory changes and multiple abscesses or cavities. 
Microscopic examination showed areas of bronchopneumonia surrounding 
the abscess cavities. Pure cultures of Fncdlander’s bacillus grew from pus 
removed from one of the cavities. 

In a streptomycin-treated but fatal case of Fnedlander’s bacillus menin- 
gitis (13), autopsy lovealod that death resulted irom pulmonary ombohsm. 
It is significant liow ever that, although necropsy showed evidence of "nearly 
healed meningitis,” scveial small abscess cavities, filled with purulent mate- 
rial, were found in the lungs. This finding again emphasizes a fundamental 
fact often obseived in different infectious diseases treated with chemothera- 
peutic or antibiotic agents; namely, tliat, although the drug may often cuie 
a usually fatal acute meningitis, it may nevertheless fail to sterilize large 
collections of pus, such as those found in the pleural space, pulmonar}' 
cavities, the gall bladder, and elsewhere. 

In two cases of Fnedlandcr's pneumonia, recently treated with strepto- 
mycin by the writer, lobectomy i\as eventually necessary because of per- 
sisting cavities and bronchiectasis. Examination of the removed lobes 
show ed a considerable amount of organizing pneumonia and fibrosis adja- 
cent to the small abscess cavities and minimal broncJiiectasis. Marked 
healing had occurred in one of tliese patients following 5 weeks of strejito- 
myem therapy. Previous extensive consolidation had undergone almost 
complete healing, largely by resolution, at the time of lobectom 3 '. It is 
significant, however, that small abscess cavities were still present in the 
light upper lobe, i\liich was icmo\cd sexeral weeks after completion of 
streptomycin thcrapj*. This case illustiatcs the rcmaikable elTcctivcucss 
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of streptomycin in bringing about rapid resolution of acute pneumooic 
processes tliat have not advanced to necrosis and abscess formation. It 
also emphasizes the limitalions of streptomycin therapy so far as complete 
healing and closure of cavities are concerned, no matter whether they are 
due to Friedlander’s bacillus or to the tubercle bacillus. 

It is evident that the pathology of Fricdlander’s bacillus infections ^•aries 
greatly according to the principal site of the disease, age of the lesions, re- 
sistance of the host, virulence of the ijarticular strain of the invading or- 
ganism, and treatment the patient has received. It is equally clear, from an 
increasing number of reports, that evtrapulmonary Friedlander's bacillus 
infections are more common than pulmonary infections. Suppuration, 
abscess formation, and chronicity following an acute phase are also promi- 
nent characteristics of the disease regardless of tlie organ or system in- 
volved. These significant patholc^ical and cliuical features so character- 
istic of the disease greatly influence and often predetermine results of 
chemotherapy. Some understanding of the natural course and chrome po- 
tentialities of the disease emphasize the necessity of early and accurate bac- 
teriological diagnosis and the immediate institution of specific therapy. 

PRESTREPTOaiYCIN TREATMENT AND RESULTS 

Prior to the advent of modern chemotherapy, treatment of pneumoniae 
infections was ineffective and the mortality was extremely high. In a ^ 
view of the literature from 1882 (the year Fricdlandor announced the to* 
covery of the bacillus) to 1938, Hartman (14) found a mortality rate of 91 
per cent in 232 Friedlander’s pneumonia patients. In 1939 Baehr et al. re- 
ported a mortality of 17 per cent in patients liaving urinary tract infections, 
30 per cent in those having biliary tract infections, and 75 per cent m pa- 
tients with Friedlander's bacillus bacteremia. 

A wde variety of drugs and other therapeutic measures have been used, 
generally ^rithout success. The use of type II autipneumococcus and later 
specific serum, which were tried before the sulfonamides and penicillin 
came available, influenced clinical results little if at all (15). 

Reports (IG, 17, 18, 19, 20) in recent years on the use of tlie sulfonami e 
compounds and penicillm suggest that there lias possibly been some re uc^ 
tion in the mortality rate in patients with 
(21), in a review of the literature and report 
out that he had found reports of thirty-five - — - ■ 

meningitis ^^^th recovery m six. It appears, however, that two of the s« 
patients received streptomycin. Nevertheless, a number of authors ' 
reported cure of Friedlander’s bacillus infections with use of the suliona^ 
mides and penicillin. Despite occarional successes following the use 
such combined chemotherapy, often in conjunction with surgery, the mor- 
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tality rate for the disease remaioed high. la 1948 Jacob and Top (20) 
reported on seven cases of FriedJander’s bacillus meningitis, in two of which 
the only chemoUierapy received was pemcillin and tlie sulfonamides. Both 
patients were reported as completely recovered. The remaining five pa- 
tients received various types of treatment, including the sulfonamides and 
penicillin. All five died. In 1947 Solomon reported sulfadiaxme-pcnicillin 
treatment of three patients with FUedlander’s bacillus meningitis, with fatal 
results in all. Thus it may be concluded that prior to the advent of strepto- 
mycin the mortality in patients with Fricdhindcr infections, particularly 
meningitis and bacteremia, remained discouragingly higli. 

SxnEPToitYciN Treatment 

The effectiveness of streptomycin in Friedlander’s bacillus infections is 
due to the initial sensitivity of the organism to the action of the drug. 
Since many bacteria, including Fricdlandcr organisms, are known to be- 
came resistant to streptomycin in vitro and in vtvo, it is essential to deter- 
mine periodically the sensitivity of the pathogen during treatment. Other- 
wise, streptomycin therapy might be continued uselessly should the 
organism become drug-fast. 

Absorption and excretion of strepiomycin 
As a result of many studies, it is kno^vn timt, following parenteral ad- 
ministration of .streptomycin, the drag is readily absorbed, diffused, and 
excreted by the kidneys. Following the intramuscular injection of 1 gm 
of streptomycin, comparatively high blood serum levels may be found, and 
a considerable amount of the drug is present in the urine, some in the bile, 
but virtually none in the feces. Also, after similar administrations of strep- 
tomycin to individuals without meningitis, usually only a small amount of 
the drug can be demonstrated in the spinal fluid. If the patient has acute 
meningitis, however, considerably greater amounts of the drag may be pres- 
ent in the spinal fluid. Since streptomycin is excreted in largo part by the 
kidneys, it is important to know the status of lenal function during the 
course of st reptomycin therapy. Excessive amounts of the drug retained in 
patients wiUi impaired renal function may cause irreparable damage to 
hearing and vestibular function. Serious to-xic effects can usually be 
avoided, however, if there is proper supervision of treatment. Tin's should 
include careful attention to lonal function and periodic caloric stimulation 
and audiomotric tests to check vestibular and otic functions. 

Dosage, duration, and 7neikods of treatment 
There is still wide variation in the recommended daily dosage and dura- 
tion of streptomycin therapy, not only for FriedUnder but for other infec- 
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tions. It is generally agreed, however, that the most effective method of 
administering the drug is by intramuscular injection, usually twice every 24 
hours Intrathecal treatment is also necessary in patients with meningitis. 
In general, the type and severity of the infection and the body weight of the 
patient are important guides in determining the daily dosage and duration 
of treatment. Since streptomycin has become highly purified chemically, 
it IS possible to administer 20 to 25 mg/kg of body weight daily— apprc^i- 
mately 1 0 to 1.5 gm daily for adults — for prolonged periods \\ithout undue 
or irreversible toxic reactions. Dihy'drostreptomycin, which is now avail- 
able and appears equally effective therapeutically, is considerably less 
neurotoxic than streptomycin. A fairly large number of patients under the 
wiiter’s supervision have received 40 mg of dihydrostreptomycin per kilo- 
gram of body weight daily (2.0 to 3 0 gm daily in adults) for 2 or 3 months, 
•without serious toxic effects. 

In patients with Friedldnder’s bacillus bacteremia, with or without men- 
ingitis, relatively large daily dosages of streptomycin (2.0 to 3,0 gm daily in 
adults) should be given intramuscularly for G to 12 days, and perhaps half 
this dosage continued for an additional 7 to 14 ormore days after the acute 
phase has subsided. Under simitar circumstances, children may be 
given smaller total daily dosage but they sliould receive 30 to 40 
mg/kg of body weight. If meningitis is present, 50 to 150 mg of strepto- 
mycin should also bo given intrathecally to adults for the first few days, 
followed by smaller amounts of the drug every other day or every third day 
for varying periods, until repeated cultures of the spinal fluid are ncgati\ e 
for Fnedlander’s bacillus and collatcial evidence sliows a subsiding or essen- 
tially normal condition. Considerably smaller intrathecal doses, tliat is, 
25 to 50 mg, may be adequate for children with Fnedlander’s bacillus 
meningitis Children generally tolerate the drug exceedingly well. Pre- 
caution should be taken, however, to prevent severe toxic reactions and 
chemical irritation of the meninges. 

In patients less severely ill with pneumonia or involvement of the abdoim- 
nal viscera but uathout bacteremia or meningitis, somewhat smaller dail) 
doses (1 0 to 2 0 gm for adults and 0.5 to 1.0 gm for children), administered 
intramuscularly twice daily, may prove sufficient. Practical guides in the 
choice of daily dosage and duration of treatment are: type and seventy of 
the disease; clinical response of the patient; bacteriologic findings during 
treatment, including sensitivity of the organism to the drug; and possible 
or probable necessity of surgery In many patients showing satisfactory 
clinical, bacteriologic, and roentgenologic response (22), streptomycin was 
not necessary for more than 7 to 14 days. Should the infection persist in a 
subacute or chronic form and the bacteriologic examination remain pos- 
itive and the organism sensitive to streptomycin, it may be necessary to 
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continue treatment for considerably longer periods than those indicated. 
If surgery proves necessary (lobecton^ for residual cavity or cholecystec- 
tomy for biliary tract infection), it should be performed, if possible, before 
the organisms become drug-fast. Since resistant organisms may emerge 
rapidly (23), frequent sensitivity studies should be carried out as a guide 
in timing surgical intervention. 

Discussion and results 

Since the therapeutic effect of streptomycin in Friedlander infections is 
primarily related to the bacteriostatic action of the drug and not to any 
direct effect upon repair and healing, such as, resolution, fibrosis, or cavity 
closure, it is logical that clinical results following use of the drug vary mark- 
edly, depending on a number of fundamental factors pertaining to the age, 
location, extent, and character of the disease when streptomycin therapy is 
begun, as well as on the capacity of the individual to complete the eradica- 
tion of the infection and repair Uie damaged tissues. Striking examples of 
these basic principles are afforded by the autopsy findings in a streptomycin- 
treated case of meningitis and pneumonia reported by Tartakoff, Gryn- 
baum, and LeComptc (13), and in the suigically removed lobes of two pa- 
tients with Friedlander’s pneumonia previously treated with streptomycin 
by the writer In the former case, although the autopsy revealed “nearly 
healed meningitis,’’ nevertheless it also showed the presence of pulmonary 
abscesses and c.avities. In the two cases of lobectomy performed because 
of icsidual pulmonary cavities, serial roentgenograms revealed marked heal- 
ing by resolution of the acute pneumonic process but comparatively little 
effect upon the cavitary lesions. These cases are cited to emphasize tluit 
the degree of healing following streptomycin therapy varies remarkably, 
even in the same individual. This variation is primarily related to the fac- 
tors just mentioned. This is further borne out by the results reported b}' 
Keefer and Hewitt in streptomycin-treated cases of chjonic urinary tract 
infections, in which they had their least satisfactory lesults: of thirteen such 
cases treated, nine showed permanent improvement, one temporaiy im- 
provement, two no effect, and one patient died (22). 

BACTEUEMLV 

Another important factor influencing clinical results is bacteremia 
Keefer and Hewitt reported that, in twenty-seven cases with bacteremia, 
seven, or 2G per cent, died, whereas thirty-seven patients without bactere- 
mia, only six, or 10 per cent, died. Davis, Cheek, and Harrell (24) reported 
a case of acute Fricdlander’s pneumonia with pleural effusion and bac- 
loicmia, treated unsuccessfully with penicillin and sulfadiazine prior to .suc- 
cessful treatment with streptomycin. 
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MENINGITIS 

Development of Friedlander's bacillus meningitis always carried a grave 
prognosis. Before streptomycin became av’ailable, meningeal involvement 
was almost universally fatal. In eight streptomycin-treated cases of Fried- 
lander meningitis collected from the literature (13, 21, 22, 26), four died and 
four are reported as apparently cured (tables 54 and 55). 

PNEUMONIA 

In forty streptomycin-treated cases of Friedlander pneumonia recentl}’ 
reported in the literature, fifteen of which had bacteremia; of these, five had 
frank abscess cavities and two pleural effusions, and only seven, or 18 per 
cent died. Three of the seven patients who died had bacteremia and one 
had frank abscess. The remaining 82 per cent are reported as permanently 
impioved or cured. Two of the writer’s patients, however, required lob- 
ectomy because of residual cavities. 

GENITO-URINARY TRACT INFECTIONS 

Of 17 streptomycin-treated patients with Friedidnder infections of the 
genito-urinary tract, reported by Keefer and Heuitt, twelve showed perma- 
nent improvement, two temporary improvement, two no streptomycin 
effect, and one died. 

MISCELL.4NEOUS INFECTIONS 

Fifteen cases of miscellaneous Friedlander infections, treated with stiep- 
tomycin, have been recently reported and one case has been treated by the 
wiiter. Of these, four are dead, eleven are reported as temporaril}' or per- 
manently improved, and one showed no improvement. Of the four patients 
who died, one had brain abscess, one multiple metastatic abscesses, one 
endocarditis, pneumonia, and empyema, and one had endocarditis 

It is evident that, in all types of Fnedlander bacillus infections treate 
with streptomycin, the prognosis is far better than in patients not so treated. 
In a total of 82 Friedlander infections treated i\’ith streptomycm by the 
author and as reported m the literature (12, 13, 18, 19, 21, 22, 24, 25, 26, 27) 
there iv ere sixteen deaths. According to present standards of streptomycin 
treatment, several of the patients who died apparently received inadequirie 
streptomycin therapy, either because of the scarcity of the drug or the oini' 
culty of obtaining It promptly. 

This over-all mortality rate of 20 per cent in patients treated with strep 
mycin, in comparison v ith a mortality rate of 94 per cent in 232 patien s 
not so treated (reported by Hartman), indicates the remarkable effective- 
ness of streptomycin in the treatment of Klebsiella infections. It is behev e 
than even better results may be anticipated with earlier diagnosis and more 
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TABLE 5i 


Kesults 0 / streptomycin therapy of Kt. pneumoniae in/cctions (22) 
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Number 

Number 
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Pneumonia 

27 

20 

2 
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5 

Pneumonia and lung abscess 

4 

2 


— 

1 

Pneumonia, postoperative 

\ 

1 

— 

— 

— 

Pneumotua and sterile pleural effu- 






sion . . 

> 

1 

— 

— 

— 

(15 of the above pneumonias had 
Friedlaader'fi bacteremia) 






Total pneumonias 

33 

24 


- 

6 

Genito-urinary tract infections? 

■I 

■■ 

■■ 


■■ 

Acute 






Chrome 

lil 

u 

u 


11 

Total urinary tract infections 



B 

Hi 

B 

Miscellaneous infections: 

With bacteremia: 






Brain abscess 

i 

— 

— 

— • 

1 

Endocarditis 

1 

— 

— 

— • 

1 

Endocarditis with pncumoiua 

1 





and empyema 

— 

— 

— 


Localized infection 

1 

1 

— 

— 


Liver abscess 

1 

1 


— 

— 

Mastoiditis 

i 

1 

— 

— 

— 

Meningitis 

1 

1 

— 

— 

— 

Multiple metastatic abscesses 

1 

— 

— 



Total with bactcrcnua 

s 

4 

- 

- 

4 

Miscellaneous infections: 

Without bacteremia* 

Cholangitis 

i 

! . 

1 




Localized infection 

1 

1 

~ 

— 

— 

Tilcningitis 

4 

- 

— 

— 

2 


Total without bacteremia *6 I — i — 2 


Total miscellaneous infections 14 8 — — G 

64 


Grand Total 


44 


13 






Results oj streptomycin therapy of Rl. pncuinoiitae in/cdioiis 



itli streptomycin. 
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intensive streptomycin therapy. It is also evident that the most satisfac- 
tory and striking results are obtained in patients unth early acute Fried- 
lander infections and the least satisfactory results in patients with chronic 
tlisease that has progressed to extensive necrosis and abscess formation or 
in patients wth such severe t 3 rpes of infection as meningitis wth or mthout 
brain abscess, endocarditis, or bacteremia. 

Toxicity 

The use of streptomycin is frequently followed by certain toxic reactions 
These may be local reactions at the site of injection ; sensitization reactions, 
such as drug pyrexia, cutaneous rashes, or eosinophilia; histamine-bke 
reactions, such as anorexia, nausea, sweating, headache, lassitude, and, 
rarely, tachycardia; renal reactions which are usually manifested by the 
appearance of casts, albuminuria, and occasionally by impaired function; 
or neurological reactions, the most important of which are loss of hearing 
and vestibular dysfunction. Various other Ijises of minor toxic effects 
are frequently encountered. 

The more severe toxic manifestations can usually be avoided if 
otic, and vestibular functions are carefully followed by methods nrp'dously 
suggested. 
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intensive streptomycin therapy. It is also evident that the most satisfac- 
tory and striking results are obtained in patients with early acute Fried- 
lander infections and the least satisfactoiy' results in patients mth chronic 
tlisease that has progressed to extensive necrosis and abscess fonnatioa or 
in patients uith such severe typos of infection as meningitis uith or without 
brain abscess, endocarditis, or bacteremia. 

Toxidly 

The use of streptomycin is frequently followed by certain toxic reactions. 
ITiese may be local reactions at the site of injection ; sensitization reactions, 
such as drug pyrexia, cutaneous rashes, or eosinopliilio; histamine-hte 
reactions, such as anorc-via, nausea, sweating, headache, lassitude, and, 
rarely, tachycardia; renal reactions rrhich are usuaDy manifested by the 
appearance of casts, albuminuria, and occasionally by impaired function; 
or ncurolo^cal reactions, the most important of which are loss of hearing 
and vestibular dysfunction. Various other t^iDes of minor to-ric effects 
are frequently encountered. 

The more severe toxic manifestations can usually be avoided if 
otic, and vestibular functions are carefully followed by methods nreriouslv 
suggested. 
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lespoiisc noted, tieatmcnt was eontimieil for 3 to 21 days, with an over-all 
average of 8.5 days. The aveiage total tlose was 0.S5 gm. 

Aerosol route 

In an individual ill ^\^th whooping cough, II. pertussis can be cultmed 
only from the respiratory tract. It is conceivable, therefoie, that the pene- 
tration of aerosol mist might have some effect on the etiological agent. 
Abram&on (4), Bryson and Grace (5), and others believe that the aerosol 
mist may pcneti’ate as far as the .smaller bionchioles in (he alveoli of the 
lung. The dosage of strcptom3’cin, up to 3 years of age, was 50 mg/ml of 
solution three times daily, or a total of 0.15 gm a day. 'i'he dinalion of 
treatment ranged from 3 to 25 days, with an avenige of 8 days. Tlie total 
dosage per child averaged 1.2 gm. In childicn over 3 ycais of age, the 


TABLE 56 

7'olal number of children receteing slreplomyctn according lo the victhod of 
admtnulralioa 


ADUItflStBATlOX 1 

1 AC£ 

TOTAL 

Uoder 1 y«ar 

1 Over I year 

Intranasal . . i 

34 

18 

52 

Aerosol 

32 1 

1 21 , 

50 

Intramuscular i 

26 I 

— 1 

20 

Intramuscular and aerosol 1 

40 

15 1 

55 

Total . 1 

1 132 1 
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solution contained onc-third gin of streptomycin, given three times a day, 
dissolved in 2.5 ml of saline 

During the catarrhal stage of whooping cough the trachea and bronchi 
often contained a sticky lenaceous secretion; aspiration of the posterior 
pharynx nas performed before treatment was begun. 

In children up to 3 j'cars of age, a small or medium sized hood was placed 
over the head. The hood had an ice compartment in tlio top, two openings 
in front, and a plastic tube inlet in the rear wliich normally carried oxygen. 
A plastic Vaponephrin nebulizer was plugged into one of the openings in 
fiont. The other openings were not plugged. 

With the oxygen regulator set at 80 per cent and the oxygen running at 
appro.Minatcly 1 liters per minute througli the nebulizer, a moderate stream 
of aerosol mist wa.>i produced, 'flie oxygen content of the hwxl during 
treatment averaged 50 pt-r cent as measured ttith an electromagnetic oxi- 
meter Complete nchulizalion of the solution rerjuired about 20 minutes. 
At the end of the treatment 0.5 to 2 ml of water was introdiicwl into the 
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The etiological agent of uhooping cough, H. pertussis, is sensitive to 
streptomycin in concentrations of 1 to 3 >ig/ml of media and is approxi- 
mately as sensitive to streptomycin as is H. influenzae. Bradford and Day 
(1) showed that streptomycin exerted a protective therapeutic effect on 
the course of experimental murine pertussis, as indicated by a significant 
reduction in the mortality rate and the disappearance of the organism from 
the lung of surviving mice. The experience here reported deals with the 
observUtion of the effect of streptomycin in children ill vnth whooping 
cough as observed at the Willard Parker Hospital (2, 3). 

Materul and Procedures 

Because of the difficulty of establi^diing a diagnosis of whooping cough in 
young children before the occurrence of a typical paroxysm, only a sma 
number of cases were admitted to the hospital before the paroxysm was 
first noted. ^lost of the children were admitted dunng the first week o 
paroxysms. The majority of children came from families of low economic 
.status, and very few had received any active immunization. 

This report discusses the use of streptomycin in 189 patients, of whom 
132 were less than a year old. The patients were divided into four mam 
groups according to the method of administration of the antibiotic ( 

56) The calcium complex of streptomycin was administered by intranasa 
drops, aerosol mist, intramuscular injection, and a combination of aeroso 
and intramuscular injection The four methods of administration were 
about equally divided in children less than 1 year old. Severity of illness 
was often a factor in the choice of method 

Intranasal tonic 

The dosage of streptomycin was not scaled to age. A solution of -10 
mfr/ml of normal saline was drawn from the vial by meansof a smallsten e 



WHOOPING COUGH 


425 


The course of the whooping cough was favorably influenced when the 
streptomycin was administered by aerosol, intramuscular injection, or by 
simultaneous administration of aerosol and intramuscular injection. 

Results and Evaluation 

Since whooping cough may have a veiy variable course, it is difficult 
to evaluate the effect of any single therapeutic agent. In severely ill in- 
fants, medical acumen and expert nursing care are of utmost importance. 


TABLE 57 

Course of illness in children moderately ill on admission 


TDEBApy AND BOUT£ | 

NUMBER OF 
FATIEHTS 

1 SUBSEQUENT CONUmON 

Good 

Unchanged 

1 Poor 

Aerosol ... 

41 

31 

7 

3 

IntratQUscular 

16 

14 

2 

— 

Nose drops ... 

46 

33 

13 

— 

Aerosol and intramuscular 

22 

15 

2 

5 

Total all patients 

125 

93 

24 

8 


TABLE 58 

Course of illness in chtldren severely ill on admission 


XBEEAFY AND SOVtE 

NUMBER or 

SUBSEQUENT CONDITION 


Good 

UnebAnged 

Poor 

Expired 

Aerosol . 

6 

5 1 

1 


_ 

Intramuscular 

9 

7 

1 

— 

1* 

Nose drops 

3 

2 

1 

— 

— 

Aerosol and intramuscular 

31 

IS 

3 

6 

4* 

Total all patients. . 

49 

32 

6 

6 

5 


• Also received serum. 


Lives may be saved by prompt and correct judgment in the choice of pro- 
cedures These procedures include oxygen therapy, aspiration of the phar- 
ynx and larynx to clear the air^vay of tenaceous secretion, parenteral ther- 
apy, and a special feeding technique (6). 

On admission about two-thirds of the children treated with streptomycin 
were moderately ill, about one-fourth severely ill, and the remainder were 
mildly ill. 

Table 57 eIioms that the treatment of tlio^ moderately ill had a favor- 
able influence in 75 per cent of the patients and failed in only 5 per cent. 
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nebulizer, and another 5 to 10 minutes of operation was necessary for this 
to be nebulized. TJiis addition of ^vater assured us that the patient bad 
received all the streptomycin solution and also prevented dogging of the 
nebulizer from drying of the original solution. 

Special care was taken to maintain the nebulizer in a horizontal poation 
throughout treatment. To prevent the infants from dislodging the nebu- 
lizer, it was olten necessary to use a mummy restraint. It was foand ad- 
visable to administer the treatment soon after feedings or at sucha time as 
infants were usually quiet enough not to object to tlic temporarj' restraints. 

In older children the aerosol n-as administered by means of a cone made 
from a discarded roentgen film. Tlic cone was placed over the child’s 
nose and mouth. A few children had the nebulizer placed directly in the 
moutli. 

Intramuscular injection 

It is recommended that childien under 1 year receive 50 mg everj' 3 
hours for 5 days; those from 1 year to 2 years, 75 mg ever)' 3 hours; and 
those from 2 to 3 years, 100 mg everj' 3 hours. Children over 3 yea« should 
be given a total of 1 gra of streptomycin in 24 hours, equally divided into 
eight doses. 

Combined aerosol and intramuscular injection 

Streptomycin was givou by the combined method to fifty-five childreUj 
The total amount recommended for Uio combined method was tJie usual 
aerosol dosage plus the usual intramuscular dosage. 

CONDITJO.X O.V .VOiUSSIO.V AND SUBSEQUENT CoUHSE 

Patients on admission were graded according to the severity of the 
disease: (a) A child was considered to be mildly ill when the parovjafD* 
were not accompanied by cyanosis and tho vomiting nws not frequent. 
Such a child did not .appear to be exiiausted; (h) those considered to b® 
moderately ill bad frequent paroxysnis, moderate cyanosis and frcqtieu 
vomiting, but not ascertainable senous comph‘cations;*Cc) severely hi 
fants were those in whom tlie paroxysms were followed by prolonged pros 
tration and apnea. Tliese last patients often showed signs of 
pulmonary inv'olvenient or s^-mptoms of encephalopathy. 

The condition of the patient during the course of treatment wth 
tomycin was considered to be (a) good when the wlioop and emesis ucro 
distinctlj’ less within o to 7 da.vs after beginning of treatment n-ilh strep- 
tomycin; (b) unchanged, (c) poor when patient’s condition became noi^. 

Judged from the clinical course of the illness, the intranasal iostilLiti^ 
of streptomycin seemed to have no therapeutic value. It sliould be no 
tloat only three children so treated were severely ill. 


wrioopiNG COUGH 


427 


from less than 0 5 to 2 Mg/ml* Streptomycin nose drops gave negligible 
levels. 

ilany bacteria that are sensitive to streptomycin develop a lesistance to 
the drug during therapy. In our experience, whether the streptomycin was 
given intranasally or by aerosol or intramuscular injection, there was no 
tendency to develop resistance in the colonies isolated. In all instances, 
II . pertussis remained morphologically unchanged, formed a typical colony, 
and produced stiong hemolysis on Bordet Gengou media. AIe.\andei and 
Redman (9) leport that the emergence of resistance has not been recognized 
to be a limiting factor in the therapeutic efficacy of streptomycin. Brad- 
ford and Day (8) in their experience found that II pertussis sometimes be- 
came resistant to streptomycin when a purified powder was sprayed into 
the nose or mouth. 

Commi:nts 

Alexander and Redman (7), in an attempt to compare the efficacy of 
streptomycin and human II. pertussis scrum, treated thirty infants under 
1 year of age, most of whom were Icsh than C months old. In all, the in- 
fection was pro^’ed to be duo to H. pertussis. 'J'he treatment of each new 
patient was selected on an alternate ease basis. Fifteen of this group were 
treated with streptomycin intramuscularly, -10 #ig/kg, eight doses daily, 
from 4 to G days, and an eipial number with four vials of human M. per- 
tussis hyperimmune serum administered intramuscularly in one dose. 
The results indicated that the course of the disca.se had been significantly 
altered by each agent in the direction of impiovemcnt. 

Scdallian, Momccourt, Vialtel, and Derilcrmuzieic (10) heated seven- 
teen patients with whooping cough by the intramuscular injection of strep- 
tomycin in doses aveiaging 0 25 gm a day for 4 to 8 days Tliey believed 
this was effective in decreasing the number of paroxysms. 

Leichenger and Schultz (11) gave 1 gram of .streptomycin daily for seven 
days to eight children by aerosol inhalation. They also gave the same 
amount for a similar penod to eight children by intnimuscular injection. 
Their conclusion was that sticptomyciii was of clinical benefit in the treat- 
ment of whooping cough and staled tliat the aerosol route of administration 
was the one of clioicc. 

Co.NCLUblOXS 

Sheptomycin uhen administered by aerosol, by intramuscular injection, 
or by simultaneous administration of both, seemed to ha\e a favorable in- 
fluence on the course of u hooping cuui^i. 

There seemed to be no ailvantage m the combined admini.stration of 
aerosol and intramuscular injection, when compaicif with citlier aerosol 
or intramuscular injcctiou alone. 
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^Vhen those treated by the intranasal route are excluded, the results are 
even more favorable. The course of the illness was not so favorable ia a 
group of moderately ill children ivho did not receive streptomycin. 

The course of illness ^s•as favorable in two-tliirds of the children who were 
severely ill on admission, and the failures were about 20 per cent (table 58) 
There w’ere five deaths in this group, all of whom had also received humaji 
hyperimmune serum. 

There seemed to be no advantage in the combined administration of 
streptomycin by aerosol and intramuscular injection when compared with 
either aerosol or intramuscular injection alone. 

A small number of children who had improved after streptomycin ther- 
apy had an increase of paroxysms 2 to 3 weeks later. With one exception, 
such relapses occurred in children seriously ill on admission. 

COMPLICVTIONS 

It is interesting to note what complications occurred during or after 
streptomycin therapy, ^tany younger children were admitted with a 
pulmonary involvement. In very few, however, was pulmonary involve- 
ment first noted during the course of therapy or after its cessation. Upper 
respiratory infections, which included acute otitis media, were noted in- 
frequently after therapy was discontinued No abnormal neurological 
manifestations that might be attributed to streptomycin were seen after 
therapy was stopped. 

Nasopjiarykgexl Cultures 

Nasopharyngeal cultures were obtained from nearly ever}' infant on 
admission. The culture was repeated after the last injection of strepto- 
mycin and again just before discharge from the hospital. In the dosage 
used in the various methods of administration, there was no conclusive exi 
dence that streptomycin had any effect on the presence of //. perlussisia 
the nasopharynx Alexander and Redman (7) leported that following use 
of streptomycin, they, too, had not been able to demonstrate a significant 
difference in the speed of disappearance of H. pertussis from the naso 
phar}’nx. Bradford and Day (8) used a control group and compared it wit 
the stieptomycin-treated group. The nasopharyngeal culture for //• per 
tussis by statistical calculation was found to be negative sooner in children 
who were treated with either aerosol or nasal drops. 

Streptomycin Blood Levels and Development of Resistance 
BY H PERTUSSIS 

Patients receiving stieptomycin intramuscularly had significant blood 
levels Aerosol-treated patients gave inconsistent blood levels ranging 
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from less than 0.5 to 2 msMI. Streptomycin nose drops gave negligible 
levels. 

Many bactem that are sensitive to streptomycin develop a i esistance to 
the drug during therapy. In our experience, whether the stjoptomycin was 
given intranasally or by aerosol or intramuscular injection, there was no 
tendency to develop resistance in tbe colonics isolated. In all instances, 
//. pertussis remained morphologically undianged, formed a typical colony, 
and produced strong hemolysis on Bordet Gengou media. Alexander and 
Redman (9) leport that the emergence of resistance has not been recognized 
to be a limiting factor in the therapeutic efficacy of streptomycin. Brad- 
ford and Day (8) in their axperionce found that II. pertussis sometimes be- 
came resistant to streptomycin when a purified powder was sprayed into 
the nose or mouth. 

CO.UMENTS 

lUoxandcr and Rodman (7), in an attempt to compare the efficacy of 
streptomycin and human If. pertussis scrum, treated thirty infants under 
I year of age, most of whom were less than C mouths old. In all, the in- 
fection M’us proved to be due to II. pertussis. The treatment of each new 
patient was selected on an altomatc case basis. Fifteen of this group were 
treated with streptomycin intramuscularly, 40 /ig/kg, eight doses daily, 
from 4 to 0 days; and an equal number with four vials of human II. per- 
tMSSis hyperimmune serum admmisteiod intramuscularly in one dosc. 
The results indicated that the course of the disease had been significantly 
alteicd by each agent in the direction of impiovcment. 

Sedallian, Momecourt, Vialtel, and Dcl’Hcrmuzi^ie (10) tieated seven- 
teen patients uith whooping cough by the intramuscular mjection of strep- 
tomycin in doses averaging 0 25 gm a day for 4 to 8 days T)icj' l^elieved 
this was effective in decreasing the numlier of paroxysms. 

Leichenger and Schultz (U) ^ve I gram of streptomycin dailj' for seven 
days to eight children by aerosol inhalation They also gave the same 
amount for a similar period to ciglit children by intramuscular mjection. 
Their conclusion was that streptomycin \\a.s of cUmcal benefit in the treat- 
ment of whooping cough and stated tliat the aerosol route of administrulion 
was the one of choice. „ 

Conclusions 

Streptomycin when administered by aciosol, by intramuscular injection, 
or \)y simultaneous administration of lioth, seemed to have a favoiable in- 
fluctu'o on the cour&c of whooping cou^i. 

There seemed to be no advantage m the comlimcd admmistiation of 
aerosol and intramuscular injection, when compaied with either aerosol 
or intramuscular injection alone. 
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The streptomycin seemed to have a more favorable influence on the 
course of whooping cough in infants under 1 year of age than in an older 
group. 

The factor of resistance of /f. perlussia to streptomycin has not yet be- 
come a problem in the treatment of whooping cough. 

Treatment with streptomycin seemed to have no effect on the presence 
of H. pertussis in the nasopharynx. 

It is difficult to compare the effect of various therapeutic agents on the 
course of an illness, such as whooping cough, which varies widely in dif- 
ferent individuals. In our opinion, however, treatment of whooping cough 
with human hy’perimmune serum is more effective than treatment mth 
streptomycin. 

Many complications of whooping cough are accompanied by secondai^' 
invaders, which are also sensitive to streptomycin. In a seriously ill 
patient, the most effective treatment at this time is the use of both human 
hyperimmune serum and streptomycin. 
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NONTUBERCULOUS INFECTIONS OF THE 
BRONCfflAL TREE 


Bacterial infections occurring in the trachea and bronchial tree com- 
monly are secondary manifestations of disease- Most instances of chronic 
bronchitis occur after ejiisodcs of acute respiratory disease of viral origin. 
If, in such cases, bacteria can be isolated, they usually are secondary in- 
vaders. Bronchial infection often is a secondary manifestation of some 
type of pneumonia. Bronchiectasis is primarily a dilation of bronchi; 
the infection often associated \rith this disease is a secondary process. 
The fundamental disturbance in asthma is physiologic; if bacterial infection 
is present, it generally is a secondary phenomenon and only contributes 
to the sjTnptom picture. 

Primary bacterial infections of the bronchial tree, other than tuberculous 
lesions, are certainly rare. Because of the motility and contractility of the 
bronchial tree, because of the action of the cilia in the epithelium of the 
tree, and especially because of the cough reflex, the bronchi are very effi- 
cient in ridding themselves of noxious material. Hence, bronchial infec- 
tion occurs uncommonly except in association with other disease processes 
or bronchial obstruction. 


BAcrcraoLOGic Aspects 

The role of antibiotic agents in any infectious process depends upon the 
bacteriologic character of the infection. Obviously, an antibiotic agent 
will be of value in the treatment of tracheobronchial conditions only when 
bacteria are present which are susceptible to that antibiotic agent. The 
secretions present in association with infections of the tracheobronchial 
tree usually contain such a multiplicity of bacteria that isolation of sig- 
nificant organisms is difficult. N. calarrhalis and *S. viridans almost al- 
ways can be recovered from broncWal secretions and these bacteria can be 
considered as “normal inhabitants.” It is doubtful that they are patho- 
genic. Although both gram-poritive and gram-negative bacteria are found 
in cultures of sputum, gram-positive organisms predominate, as a rule. 
Hence, penicillin is more commonly indicated in bronchopulmonary sup- 
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The streptomycin seemed to have a more favorable influence on the 
course of whooping cough in infants under 1 year of age th.in in an older 
group. 

The factor of resistance of H. perlussi$ to streptomycin has not yet be- 
come a problem in the treatment of whooping cough. 

Treatment ^Yith streptomycin seemed to have no effect on the presence 
of H. pertussis in the nasopharynx. 

It is difficult to compare the effect of various therapeutic agents on the 
course of an illness, such as whooping cough, which varies widely in dif- 
ferent individuals. In our opinion, however, treatment of whooping cough 
with human hyperimmune serum is more effective than treatment ^ith 
streptomycin. 

Many complications of whooping cough are accompanied by secondao' 
invaders, which are also sensitive to streptomycin. In a seriously ill 
patient, the most effective treatment at this time is the use of both human 
hyperimmune serum and streptomycin. 
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It is not within tUo scope of this j>;i]K‘r to descril)e the various devices 
and technical mcthcxls for the intnHhictiou of htrc])tomyein (or penicillin) 
into tlie bronchial tree. ICxpcricncc liaa demonstrated that the ucnosol 
method of administering antibiotics is effective in combating the infection 
and reducing the volume of pulmonary secietions in patients with suppura- 
tive bionchiectasis (1, 2). The supniglottic or intratracheal administra- 
tion of solutions of thcbc antibiotics apparently is a valuable adjunct in 
some cases (l). At present, inhalation of the dried picpaiations is being 
given a tnal in the treatment of chronic bronchial infection (11, 12), but us 
yet it is impossible to predict whether this mcthoil will be as effective as 
the use of aerosol preparations. 

The dose of streptomycin employeil in inlialation iheiapy vanes from 
0.5 to 0.1 gm daily (I, 2). Streptomycin hydrochloride can be mixed read- 
ily with penicillin sodium if combintKl therapy is desired. Wc have pre- 
ferred the hi’drochloride to the sulfate preparation because the hydro- 
chloride can bo readily mixed with penicillin salts, if desired. 

At the present writing, c.\pcricncc with dihydrostrcptomycin is still 
insufficient to warrant comment on its value us an agent for aerosol therapy, 
llesults of pieliminary studies are encouraging. 

Indicvtions for Stiieptomycin Thbiupy 
Streptomycin is helpful in combating the secondary infection associated 
with bronchiectasis if the broncliial secretions contain gram-negative, 
streptomycin-sensitive bacteria (8, 13, 14). In our experience, strep- 
tomycin aerosol is indicated for the majority of patients with suppurative 
bionchiectasis selected for treatment. In many instances the use of 
stieptomycin aerosol makes treatment successful in cases in which penicil- 
lin therapy alone has been ineffective. It must be borne in mind that such 
treatment is jiurely palliative in bronchiectasis. Aerosol therapy, how- 
ever, IS certainly helping to prepare for operation the candidate for lobec- 
tomy, and it helps the patient witli bronchiectasis to control broncliorrhea. 

Often, patients who have had severe respiratory or influenzal infections 
will continue to suffer from a productive cougli. If culture of sputum is 
earned out, gram-negative bacteria may be found. Under such ciicum- 
stances, //. influenzae is most commonly demonstrated (8, 14) Uioncliial 
and pulmonary infections caused by II. influenzae arc freiiucnt and serious 
m children (13, 14). Streptomycin given either by the intramuscular 
route or preferably by aerosol will be effective in stopping this cough. It 
IS quite useless, however, to employ anUhiotic therapy unless specific 
bacteria can be isolated. 

Obviously, streptomycin can have no effect on the '< l dih<'-»'- 

processes in such conditions as asthma and emphysema, 
bacterial infections associated ivith these conditions may be 
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puiation than is stieptomyciu. -Vfter j>cnicilUn lias been used, ho«e\er, 
in the treatment of such diseases, culture of bronchial secretions usually 
reveals pathogenic giam-neg:itivc Iwictcria (1-4). For this reason, strep- 
tomycin, either alone or in combimition with penicillin, frequently is in- 
dicated in the treatment of bronchial infection. The gram-negative bac- 
teria most commonly encountered in bronchiectatic secretions are listed in 
table 59. 

ilODE OF AdMINISTEHING STIlEPTOilTCIX 
The intramuscular method of administering streptomycin has proved to 
be most advantageous against most of the disease processes in which strep- 
tomycin is indicated. All authorities aie agreed that tracheobronchial 
tuberculosis is most effectively treated when streptomycin is given parenter- 
ally. The results of treatment of patients with suppurative tracheo- 

TABLE SO 


Common pathogenic bacteria found in bronchieelalic iccrelion$ (17) 


GIAK-FQSITIVX I 

eXAV-SECAm'E 

Pneumococcus 

E. coh 

Slrepiocoecus 

II. injiucncae 

Hemolytic type 1 

A, aerogenes 

Xonhcmolytic type 

Klebsiella 

Slapkyloeoccus \ 

Ps. aeruginosa 

Micrococcus | 

Proteus 


broncliial disease by lutnimuscular antibiotic therapy have, ho\\e%er, been 
disappointing. iVIoie satisfactory results have been obtained uhen peni- 
evUin and streptomycin are administered topically, nie use of the word 
“topical” IS particularly apt in the case of stieptomycin, inasmuch as ab- 
sorption of streptomycin from the bronchial tice into the blood stream in 
appreciable quantities does not take place (1, 3-7). In some instances, 
this is ail advantage Because patients mth bronchopulnionarj’ suppura- 
tion often require treatment for long iieriods, and becau.ve the physician 
IS anxious to avoid the neurotoxic complications of streptomj’cin therapy, 
the poor absorption from the bronchud tiee actually is desirable. 

Several methods have been emploj'cd to introduce antibiotic agents into 
the tracheobroncliial tree. rcniciUm and streptomycin can be instilled 
through a bronchoscope (8) or a catheter inserted into the trachea (1). 
Solutions of antibiotic agents can be instilled by the supraglottic method 
(1) The patient can inhale these drugs either in aerosol (1-3, 5, 9) or in 
powdered form. Aerosol preparations usually are made with the aid of 
nebulizers (1, 3. 5, 9); houever, a steam generator can be usetl for this 
rpo^e (iO). Devices have been described uhich permit the inhalation 
of*imcromzed or powdered penicillm or streptomycin (11, 12). 
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LUNG ABSCESS AND EMPYEJLV 


The treatment of abscess and cmpycm.a of the lung is still in its infancy, 
and it is difficult to indicate with accuracy the lesiilt likely to be achieved 
in any case. 

Luxe Abscess 

ICanc and Foley (1) thought that combined penicillin and streptomycin 
therapy of acute lung abscess Imd been useful in a single case. Wilson (2) 
reported little if any improvement in fourteen patients uitli bronchiectasis 
or lung abscess following inlialation and intramuscular administration of 
streptomycin. Army experience with streptomycin in lung abscess has 
been limited to six aiscs (3). It would appear that this antibiotic, given 
intramuscularly in divided dosage of 1 to 2 gm a day, may be of little 
or no benefit in pulmonary abscess even though the bacteria may be 
streptomycin'scnsitivc. Locally instilled streptomycin (1 mg/ml) may, 
however, be beneficial in openly drained pulmonary abscess caused by 
susceptible organisms. Slorc experience is needed with streptomycin 
treatment of acute lung abscess due to penicillin-resistant organisms. 

Empvema 
Literature review 

The literature on the use of streptomycin in empyema is limited. The 
Committee on Chemotherapeutics and Other Agents of the National Re- 
search Council (4) reported Uiat only two of five cases of nontuberculous 
empyema were improved by streptomycin treatment. Single case reports 
in the literature are not conclusive (5, G, 7, 8, 9). In the latest report to the 
Council on Pharmacy and Chemistry (10), the Streptomycin Committee, 
Veterans Administration, noted twenty-two of thirty-five cases of tuber- 
culous empyema unimproved. 

Army experience 

Selected cases of acute nontuberculous empyema from streptomycin- 
sensitive bacteria may be markedly improved by this antibiotic. The 

* Chief of the Surgical Research Unit, Brooko General Hospital, Brooke Army 
Medical Center, Fort Sam Houston, Texas. 
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the whole, our experience with antibiotic aerosol employed alone in the 
treatment of astlima and emphysema has been disappointing. It is some- 
times worth while to combine streptomycin and penicillin aerosol with 
other accepted methods of treating these conditions (15, 1C). 

In our experience, toxic reactions to the use of streptomycin by inhala- 
tion or by intratracheal instillation have been rare. An occasional patient 
has had soreness of the mouth and throat. One patient complained of 
dyspnea. Allergic patients are most likely to have a limited tolerance for 
streptomycin aerosol. No vestibular disturbances have been encountered 
among patients treated with aerosol streptomycin. 

The phenomenon of resistance of bacteria to streptomycin develops 
when aerosol preparations of streptomycin are used, just as it occurs when 
streptomycin is administered intramuscularly. This fact puts a definite 
limitation on the value of streptomycin aerosol in the long-term treatment 
of suppurative bronchiectasis. Resistant bacteria have developed in the 
bronchial secretions of a number of our patients, and additional inhalation 
treatment has been ineffective. E. coU is particularly likely to become a 
resistant organism. Yet, despite the resistance factor, it has been our 
opinion that streptomycin is a valuable drug in inhalation therapy. 
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LUNG ABSCESS AND EMPYE:MA 


The treatment of ab=cc*3 and empyema of the lung is still in its infancy, 
and it is difficult to indicate ^nth accuracy the result likely to be achieved 
in any case. 

Luxe Abscess 

ICane and Foley (1) thought that combined penicillin and gtreptomj'cin 
therapy of acute lung abscess liad been ugeful in a single case. Wilson (2) 
reported little if any improvement in fourteen patients \nth bronchiectasis 
or lung abscess following inlialation and intramuscular adntimstratlon of 
streptomycin, .^nny experience with streptomycin in lung abscess has 
been limited to sL\ eases (3). It would appear that this antibiotic, given 
intramuscularly in di\ndod dosage of 1 to 2 gm a day, may be of little 
or no benefit in pulmonary abscess even though the bacteria may be 
streptomycin-sensitive. Locally instilled streptomycin (1 mg/ml) may, 
however, be beneficial in openly drained pulmonaiy abscess caused by 
susceptible organisms. More experience is neciled with streptomycin 
treatment of acute lung abscess due to penicillin-resistant organisms. 

Literature review 

The literature on the use of streptomycin in empyema U limited. The 
Committee on Chemotherapeutics and Other .Agents of the Xational Re- 
search Council (4) reported that only two of five eases of nontuberculous 
empyema were improved by streptomycin treatment. Single case reports 
in the literature are not concluave (5, 6, 7, S, 9). In the latest report to the 
Council On Pharmacy and Chemistry (10), the Streptomycin Committee, 
Veterans Administration, noted twenty-two of thirty-five cases of tuber- 
culous empj’ema unimproved. 

Army experience 

Selected cases of acute nontuberculous empyema from streptomycin- 
sensitive bacteria may be markedly improved by thig antibiotic. The 

* Chief of the Surgical Research Unit, Brooke General Hospital, Brooke Army 
Medical Center, Fort Sj»m Houston, yexas. 
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the whole, our experience with antibiotic aerosol employed alone in the 
treatment of asthma and emphj'sema has been disappointing. It is some- 
times worth while to combine streptomycin and penicillin aerosol with 
other accepted methods of treating these conditions (15, 16). 

In our experience, toxic reactions to the use of streptomycin by inhala- 
tion or by intratracheal instillation have been rare. An occasional patient 
has had soreness of the mouth and throat. One patient complained of 
dyspnea. Aller^'c patients are most likely to have a limited tolerance for 
streptomycin aerosol. Xo vestibular disturbances have been encountered 
among patients treated with aerosol streptomycin. 

The phenomenon of resistance of bacteria to streptomycin develops 
when aerosol preparations of streptomycin are used, just as it occurs when 
streptomycin is administered intramuscularly. This fact puts a definite 
limitation on the value of streptomycin aerosol in the long-term treatment 
of suppurative bronchiectasis. Resistant bacteria have developed in the 
bronchial secretions of a number of our patients, and additional inhalation 
treatment has been ineffective. S. colt is particularly likely to become a 
resistant organism. Vet, despite the resistance factor, it has been our 
opinion that streptomycin is a valuable drug in inhalation therapy. 
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LUNG ABSCESS AND EMPYEJU 


The treatment of abscess and empyema of tlie lung is still in its infanej*, 
and it is difTicult to indicate with accuracy the result likely to be achieved 
in any case. 

Lung Aiiscri>s 

ICanc and Foley (1) thought that combined i)cnlfillin and streptomycin 
therapy of acute lung abscess had been useful in a single case. Wilson (2) 
reported little if any improvement in fourteen patients with bronchiectasis 
or lung abscess following inhalation and intramuscular administration of 
streptomycin. Army c,\pcricncc with streptomycin in lung abscess has 
been limited to see cases (3). It would appear tliat this antibiotic, given 
intramuscularly in divided dosage of 1 to 2 gm a day, may be of little 
or no benefit in pulmonary abscess even though the bacteria may be 
streptomycin-sensitive. Locally instilled streptomycin (1 mg/ml) may, 
however, be beneficial in openly drainc<l pulmonary abscess caused by 
susceptible organisms. More ecpericncc is needed with streptomycin 
treatment of acute lung .abscess due to pcnicHUn-rcsistant organisms. 

Empyem.v 
Literature review 

The literature on the use of streptomycin in empyema is limited. The 
Committee on Chemotherapcutics and Other Agents of the National Re- 
search Council (4) reported that only two of five cases of nontuberculous 
empyema were improved by streptomycin treatment. Single case reports 
in the literature are not conclusive (5, 6, 7, 8, 9). In the latest report to the 
Council on Pharmacy and Chemistry (10), the Streptomycin Committee, 
Veterans Administration, noted twenty-two of thirty-five cases of tuber- 
culous empyema unimproved. 

Army experience 

Selected cases of acute nontuberculous empyema from streptomycin- 
sensitive bacteria may be markedly improved by this antibiotic. The 

‘ Chief of the Surgical Research Unit, Brooke General Hospital, Brooke Army 
Medical Center, Fort Sam Houston, Texas. 
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divided daily dosage should amount to 2 to 3 gm intramuscularly and I 
or 2 gm locally either into the closed or open cavity. Following is a case 
in which streptomycin ^vas probably life-saving; 

A 26-year-oId male, follom’ng a nontrautPatic perforation of the sigmoid colon, 
successively developed peritonitis, a rigfatrsicled diaphragmatic abscess, and a severe 
right-sided empyema. Shortly after drainage of the subdiaphragmatic absc&^s, 
massive collapse of the right lung occurred. The lung re-expanded partly, but the 
patient’s condition became critical Culture of pus from the chest, 150 cc of which 
wa-s removed bi’ thoracentesis, revealed E. eoli as the predominating organism, 
tilreptomyciu therapy wits therefore begun, in the amount of 2 4 gm daily by the 
iiitraniuscularroutc and 2 Ogm daily by the intrapleural route after aspiration. The 
result was prompt and gratifying Temperature, pulse, andrespiration fell to normal 
levels, there was no furlherw eight loss and the patient’s appetite improved. By the 
end of 26 days of treatment the patient’s condition was sufficiently stabilized to per- 
mit right thoracotomy, with drainage of the residual empyema. Sireptorojein was 
continued by the intramuscular route for 8 daj's after operation; at the end of this 
time the temperature was normal The patient remained permanently afebrile, and 
the empyema cavity ultimately wa.< obliterated. 

The next caic emphasizes the unwisdom of attempting to manage a locu- 
lated empyema cavity trithout surgical drainage; 

.\ii lS->car-oId soldier with unresolved pneumonia of the left lower lobe on a 
bronchiectatic basis developed an acute sacculated empyema of the left picurul cavity 
with u pronounced constitutional reaction .tspiration yielded thick greenish yellow' 
pus from which strcptom>cin-scnsilivo H. infiiumae and anaerobic nonhemolytic 
streptococci were grown Penicillin and sulfadiazine were both ineffective, ijtrepfo- 
m>cin (0 5 gm) was then given intramuscularly every 4 hours for 10 days Simul- 
taneously, an attempt was made daily or every second day to empty the various 
loculated empyema cavities and to replace the aspirate with 0 25 gm of streptomy cin 
in solution For 3 days after this treatment was begun, the temperature was lower 
and the p.itient appreciably improved Then drainage of the pockets by a-vpiration 
became increasingly difficult, and the teraiierature returned to its former high peak.-* 
Kvcnf ually the cavity was completely obliterated by thoracotomy’ and open drainage, 
under cover of parenteral penicillin and sireptomy'cin. Three months later a plastic 
operation on the chest wall was carried out, and the soldier was in good condition 
when he was subsequently separated from the service 

Kaciical and cuiativc surgery may be made possible by' jiidieious locaf 
application of .streptomycin. Systemic u.-^ of the antibiotic may’ not Ik* 
effective alone, since baetcno^tatic concentrations by way of the blood 
stream uie not achieved in librotie poorly vascularized tissues In the 
following ca.'-e, furthermore, the indications for sticptomycin therapy' were 
clean-cut becau.^e the ^taphylocorpi had become penicil]in-fa.'>t; 

\ .IS-y ear-old nun, hrst seen lu June 1947, had a pen-isteiit empy enia .is the result 
of a .shell frignicnl m 1944 Thoracotomy and Miveral tJioracopIiistJcH had been iii- 
iTcctiv c In July 1946. decort ic.ilion of the empy cnia space w .ls follow cd by a break- 
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tluwii of tho wound, wlilcii rrsultcil lu a saurcri'«cil cavUy and the ONjMKsurc <if a large 
area of M^i-rral jdrnra. Hrmnlytic.S. nM/n»*jn{cctiMii \\:uh pri-»i'>tent , and the cour^t' 
\\aai>c|ilic. A tiplil-lliickneMt c'litaiieou.'t graft did nut take InJul\ l!M7. eiilturo of 
rontentH of tlie cmpyeni-i cavity again yielded hcnxdy t ie S. aurrii», w liicli w:uh now 
rcsistanl to penicillin. The hiclerium, himevrr, waa Hcie^itive to sirejitomycin, 
which w.ia gi\cn in (In.-'.igc'* of 'J gin daily intramuscularly The teinjicraturc almost 
immediately returned to iiorin.il, and the amount of drainage decre.used The cavity 
w.Ls then packed with g.iuze saturatetl with I gin of stre]>tom>cin in isotonic NaCl, 
aIld^eve^.ll sterile saniplei were ohiained over a 10-<la> {mtioiI, It was then pos.sihIe 
to decorticate the visceral pleura, l« perform a plastic ojHT.ition on the thoracic 
muscles, and to clo.se the clie.sl wall. The wound lie.dcd promptly and firmly, and 
the patient wils in good he.ilth when he left the hospital after ojieratioii 

In mixitl liiUrculoiis cmpi/cnin btreptoinyciu givni intramiisfularly in 
tlividod dosage of 2 gin daily am! also intrapleiinilly, especially when given 
with penveUUn, can iuppres-s the pyogenic bacteria. Although streptomy- 
cin apjieani to be of no value in the lurcnchymtd le.sion of ehnmie uetive 
tnbcrculo.-i8 with empyema, it may allow opemtive attack on tho visecral 
hbruplustiu membranes and also eKteiisivc piastiu procednre.s on the elicsl 
N'ithout incurring .spread of tho tiilierculous infection. Following in an 
exemplary case: 

\ ^-year-old Negro ni.ui witli modornlcly advance)] tuherculiwis of the right lung 
developed ii mixed lulwrculoua empjemu of tho right plLMiril cavity. Exaniiimtioiw 
of the sputum were cunsislcntly negatixe for acid-fost bacilli, hut tuUurea from the 
empyema cavity wore positive for tln'se ImciIIi on Bcveral occasion** and were also 
positive for hemolytic S. aorciis. After the cavity hail l>ccn unroofed and exterior- 
ized, roentgenograms showed another large pocket in the riglit hemothorax, the 
parietal pleura was greatly thickened, ainl the right lung w.i.s comprcs.scd to about a 
tluartcr of its nurmai volume Penicillin l>\ the |>.ircntcral route and azochloramidc 
used locally were not effective; but ox’crlhc next 4 muntlm, under the influence of bed 
rest and supportive therapy, the teraiieraturc gradually fell to 99®F. Thoracoplasty, 
followed by two revisions, failed to eradicate the infection or close tho cavity Two 
months later, w hen the patient began to expectorate rather large amounts of frothy 
sputum, repeated examinations of the sputum were still negative for acid-fast bacilli 
Streptomycin therapy w.'is instituted at this lime, and 2 gni was given d.aily for 18o 
days The patient’s cough decreased and became less productive; drainage from Ibc 
empyema stoma bcc.ime negligible, the general condition of the patient improved, he 
liegan to gam weight, and the residual fistula eventually closed Tho final radiograph 
showed the left lung dc.vr, and on tlic right theic was complete compression of llic 
entire lung field, without evidence of empyema. 
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URINARY TRACT INFECTIONS 


The carlicjst reports indicated that s»lrcptomycii» cfTcctivcIy inhibited the 
growth of most of the gram-negative bacteria responsible for infection of the 
urinary tract. Clinical studies have defined the importance of inctliod of 
treatment, anatomieal conditions prevailing in the genito-urinarj’ tract, and 
the bacterial flonv producing infections as factors influencing the results 
obtained from the tixjatment with streptomycin of various types of genito- 
urinary infections. This chapter rcvicus briefly the basic pharmacologic 
and bacteriologic data of direct importance in the treatment of these infec- 
tions Nvith streptomycin and summarizes the use of tliis chemothorapeutio 
agent m their management. 

PlIARMACOLOOV 

Streptomycin administered intramuscularly produces maximum blood 
levels in 2 to 3 hours after injection and appears rapidly in the urine during 
the first hour after administration. jUthough the urinary excretion of the 
drug IS greatest during the 4 hours after admiiiislmtion, excretion continues 
at a considerably slower rate than that of penicillin. Whereas 1 hour after 
injection about GO per cent of a given dose of penicillin can be recovered 
from the unne and excretion is almost complete within 4 hours, 20 to 30 per 
cent of a single dose of streptomycin is excreted later than 4 hours after 
administration. 

The concentration and the total amount of streptomycin excreted in the 
urine are variable and are related to the dose of the drug, urine volume, and 
renal function. In our cases in which it lias been feasible to limit the daily 
fluid intake to approximately 2,500 ml and with a daily dose of 1 gm of 
streptomycin, a minimum urinary concentration of 75 to 100 pg/ml has been 
present almost uniformly. Two grams of streptomycin daily usually 
msures a urinary concentration of 250 ;ig/ral. Administration of oral alkali 
has produced no significant effect on the unnaiy excretion of streptomycin. 
Occasional mstances may be observed of patients with advanced renal 

* Surgeon, Laboratory of Infectious Diseases, National Institutes of Health. 
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myciii arc discussed in detail in other chapters. Most of tlie bacteria re- 
sponsible for urinary tract infections arc sensitive to the concentration of 
streptomycin readily obtainable in the urine, although naturally rcsistilnt 
cultures are occasionally encountered, csiwcially with i’s. aeruginosa ami 
S.faccalis. vVlthough gram-negative bacilli are usually sensitive in vitro, 
Hclmholz (1) found that when urine was employed as a culture mctlium a 
concentration of less than CO >ig/ml prmliiccHl no interference with growth, 
and in the ease of Ps. aeruginosa or S. /accalis a concentration of at least 
100 Atg/ml was necessary to produce a bactericidal effect. A wide margin of 
safety is, therefore, probably important in determining dosage in relation to 
the in vitro sensitivitj'. This is further cmphxisizcd by the knowledge that 
the number of bacteria in infected urine usually greatly exceeds the size of 
the inoculum employed for the in vitro sensitivity test. Inasmuch as the 
magnitude of the initial bacterial population is of great importance in the 
appearance of strcptomycin-rcsUtant bacteria, the large number of organ- 
isms in urinary tract infections may be partly responsible for the readiness 
with which this phenomenon occurs. B.aclcria recovered from patients 
with urinary tract infections which arc not sterilized with streptomycin 
usually grow readily in the presence of concentrations of 2o,000 to o0,000 
jig/tnl This represents absolute resistance for iheropcviVic purposes, al- 
though the sensitivity of these bacteria to other chemotherapeutic agents 
IS not altered. The rapidity with which resistant bacteria emerge during 
treatment of urinary tract infections is striking. The bacterial population 
of the urine may have become highly resistant 12 hours after initiation of 
streptomycin therapy, and in our experience this phenomenon has become 
manifest without exception after 72 hours of treatment if bacilluria con- 
tinues. 


Clinical Fuaturcs 
Acute pyelonephritis 

Acute urinary tract infections accompanied by marked constitutional 
symptoms and signs manifest dramatic clinical impiovement in at least 75 
per cent of cases Rapid decrease of fever, costovcrtcbial angle tenderne»s, 
leukocytosis and pyuria, and improvement in renal function occur. Bac- 
teremia coexists m at least 15 per cent of cases of acute pyelonephritis, the 
presence ot which is an index of the seventy of infection, since many of these 
cases lepiesent the most seiioua of the gram-negutivo baciUiuy infections. 
The grave prognostic significance of this finding has been emphasized pie- 
viously (2), but in addition bacteiemia is usually found in patients with 
serious underlying disease which in itself may be of great importance in 
determining the results of treatment Control of bacteiemia may be an 
important factor in producing a good clinical response; the effectiveness 
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(liseabe who manifest decreased renal excretion of streptomycin, permitting 
the accumulation of high serum streptomycin concentrations and urine 
levels which may be inadequate to produce bactericidal effects. 

Bacteriology 

The bacteria isolated most frequently from urinary tract infections are 
gram-negative bacilli of which E. coli and A. aerogenes predominate. 
Gram-positive cocci may be recovered in either pure or mixed culture in 
about 25 per cent of infections. Staphylococci are most common. Among 
the streptococci the nonhemolytic enterococcus group and alpha-hemoIytic 
cocci occur more frequently than beta-hcmoIytic types. Table 60 illus- 
irates the relative frequency of various gram-negative bacteria in pure in- 

TABLE 60 


Occurrence o/ grani-ncgaltve bactlU in urinary tract infeeitont (3) 



or CASES 

rEtsKTACs or 
LOSSES 

E coli 


513 

45 

A aerogenea 


116 

10 

Pa aeruginoaa 


135 

12 

Pr vulgaria 

1 

70 

7 

Kl pneumoniae 


14 

1 

11 influenzae 


1 


Mixed infections 


204 

35 

Mixed gram-negutive 

140 



Mixed gram-negative and gram-positix'c 




Total 1 

1,152 

100 


fections and indicates the occurrence of mixed infections with several types 
of bacteria 7'he frequency with which groups of bacteria different from 
those originally isolated appear during treatment suggests that mixed in- 
fections may be more frequent than is supcrfically evident and that infec- 
tions due apparently to a single type of organism may represent only a pre- 
dominance dependent on conditions prevailing at tlio particular time the 
urine was cultured Change of the liactcrial flora has been obser\’cd m 
about 25 per cent of our cases Catheterization or urological procedures 
may frequently be responsible for such a phenomenon Thus, gram-posi- 
tive cocci resistant to streptomyem may appear m the urine afterdisappear- 
ance of the initial gram-negative population. The appearance of actual 
infections with gram-positive cocci dunng or following streptomycin ther- 
apy has been emphasized elsewhere. 

The sensitivity of bactena and the development of resistance to .slrepto- 
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ishcd and may be appreciable even following bactcriologic cure. Pyuria 
has disappeared in only about 30 per cent of our own cases in which urinary 
sterilization has occurred. The significance of this finding and its relation 
to relapse is not entirely clear. 

The results of treatment difTcr markedly, depending on the presence of 
anatomical obstruction to the free flow of urine, advanced pathological 
change in the urinary tract, and the presence of foreign bodies such as 
calculi. In one scries (4) urinary sterilization occurred in 17 per cent of the 
patients with obstructive uropalhy, compared with 79 per cent of those in 
whicli no obstructive clement could be demonstrated- In another (3), 7S4 
patients with chronic urinary tract infections were treated with streptomy- 
cin. Obstructive uropathy was the most frequent coexistent disease and 

tion in 47 per cent, compared with permanent clinical improvement in 72 
per cent and disappearance of bacilluria in 05 per cent of the group without 
obstructive uropathy or other coexistent disease. Similarly, nephro- 
lithiasis coexisted in 00 patients, of whom 59 per cent manifested clinical 
improvement and 52 per cent urinary sterilization. In our own cases and 
those of others good clinical results and disappearance of bacilluria have 
been noted even more infrequently, although clinical improvement occurs 
particularly when acute constitutional symptoms are present. Most of the 
cases of nephrolithiasis in which good bactcriologic results have been ob- 
tained have undergone nephrectomy, thus making it impossible to ascribe 
bactcriologic cure to streptomycin. The rare cases showing urinary sterili- 
zation in the presence of calculi in our own experience have relapsed shortly 
after cessation of chemotherapy. In general, the factors influencing results 
in chronic urinary tract infections are similar to those in acute infections, 
although more cases may be seen in which failure can be ascribed to no def- 
inite cause other than urinaiy tract disease of longstanding, the significance 
of which has been previously sliown in connection with other chemothera- 
peutic agents 

The frequent appearance of mild albuminuria and casts and the occa- 
sional occurence of nitrogen retention following institution of streptomycin 
therapy are well recognized. Certain patients with chronic renal disease 
and urinary tract infection may manifest an apparent acceleration of the 
cimicai picture of renal failure with increasing azotemia following adminis- 
tration of streptomycin. Acute episodes of gout accompanied by increased 
serum uric acid have been observed in two such cases presenting a previous 
history of gout. A marked hypotensive effect has been noted following 
chemotherapy in several patients with chronic renal disease and hyperten- 
sion, although both increasing azoleima and decreased blood pressure must 
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with which streptomycin controls bacteremia, and the more dramatic re- 
sponse of acute constitutional symptoms, may be responsible for the 
slightly better clinical results observed in acute as compared with chronic 
infections. Urinaiy sterilization has been obser\'ed Jess frequently in 
patients with bacteremia. Bacilluria disappeared in 43 per cent of 62 pa- 
tients with bacteremia and in 60 per cent of 402 patients without bactere- 
mia. In the cases studied by Keefer and Hewitt (3) under the auspices of 
the National Research Council, bactcriologic cure was obtained in 58 per 
cent of the 464 acute infections and with the same frequency in chronic 
infections. In our o^ra cases (4) such a high cure rate has been obtainable 
only with the concomitant use of alkali, and the incidence of bactcriologic 
cures in the immediate sense has been somewhat less in acute than in chronic 
types of infection although relapse is notoriously frequent in the latter. 
Failure of the urine to become sterile before complete clinical recox'erj* in 
acute pyelonephritis has also been noted frequently n-ith sulfonamide 
therapy (2). Even if urinary sterilization occurs, pyuria may continue and 
presage relapse of hacteriuria. In spite of failure to accomplish bac- 
teriologic cure the clinical improvement which occurs so regularly in acute 
pyelonephritis may be in itself of considerable value in the management of 
acute exacerbations of upper urinary tract disease in patients nitb neuro- 
logic bladders or on catheter drainage or in preparation of a patient for 
definitive treatment by surgery'. 

Pyelonephritis of pregnancy 

Cases of pyelonephritis of pregnancy with moderate or severe constitu- 
tional symaptoms and signs rather than merely pyuria or bacilluria mani- 
fest an excellent clinical response \vith decreased bacilluria and pyrnria in 
almost all cases. The incidence of bactcriologic cure corresponds closely 
^Yith that obtained in other acute types of infection. Inasmuch as symp- 
toms and fever commonly subside on a regimen of bed rest and administra- 
tion of large volumes of fluid, evaluation of the role played by streptomycin 
in these cases is somewhat ditBcult. Bactcriologic relapse is frequent m 
these patients, usually' appearing withm 1 month followmg termination of 
chemotherapy. The most notable response of pyuria occurs in this group of 
cases, especially if urinary stenlization occurs. 

Chrome pyelonephritis 

The response of the mild unnary* tract symptoms and low grade fever 
associated uith chronic pyclonephntto has been irregular in contrast to the 
dramatic response of acute pyelonephritis. Bacilluria usually responds 
better than py'uria The former, if not eradicated, is often considerably 
decreased at least temporarily, but the latter frequently continues undimin- 
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lion on higlj tlaily do.-ea (1). Highly le-'istant bacleria invariably appear. 
U?o of sticptoniyein in the pu'M'iicc of catheter drainage bliould bo confined 
to paticajt.s with tevoie, uncontndli'tl iipiH>r tin'narj' tiact di^oairc or bjic- 
teremia a.v-wialcd n-ith djVea>t‘ of the urinan* tiact. Tiio treatment of 
lower urinary tract infeetion.s with pci>i>tent dy&uria and pyuria in the 
inimciliatc po^topcrat^vc period following t^ln^tllethraI prostatic re^cction 
iias aLso lieeii mo&t ilisippointing. Stiepioinycin otTens no ^olution to this 
common and troublesome problem, and ilf» u.se is followed almost invariably 
in our experience by the apj)caranec of ivsislaiit bacteria with no permanent 
symptomatic improvement. 

Urinary {/act infcclions a.tt.ocialcd u'ilh paraplegia 

The tieatment of many p.iraplegic patients with urinaiy tract infections 
is complicateil hy the ncce.ssity for catheter drainage. Use of streptomycin 
in such patients should he confined, a.s in other patients with catheter drain- 
age, to instances of acute uppc>r urinaiy tnict iliseasc with or witliout bac- 
toicnna In patients witli automatic bladders and no residual urine, good 
clinical results with urinary sterilization ha\c been reported (o). Reinfec- 
tion will occur in miiiiy instances esiiccially if residual urine is present. In 
the series of 241 eases reported by DeBakey and Pulaski (5), improvement 
was noted in .la per cent of [laticnt.s in whom calculi were absent Improve- 
ment occurred in 1 1 per cent of patienl.s with calculi and in only 7 per cent 
of those In whom uiidnuned abscesses or cellulitis was picsent. 

Acute epididymitis 

The incidence of acute epididymitis following lower urinary tract opera' 
tive proccdure.s has been greatly <icLTease<l by preliminary vasectomy* 
About 50 per cent of our own and of the reported cases lespond dramalicalyl 
to stieptomycin, with rapid decicase in pam, tenderness, and scrotal s%YeU- 
ing, obviating the necessity for further surgery. Bacilluiia has continued 
m all our own cases. 


Cystitis 

Tlie dysuria and frequency associated with acute cystitis have shown a 
dramatic lesponse to streptomycin in almost all cases, and urinary steriliza- 
tion has been noted slightly more frequently than in patients with evidence 
of predominantlj' upper uiinary tract disease, although the frequency of 
renal infections associated with cystitis is well iceognized The use of 
stieptomj’cm in patients piesentmg mgency, frequency, supiapubic p.ain, 
and markedly diminished bladder capacity with lehef of .symptoms follow- 
ing urination and without evidence of bactenal infection, that is, the clinical 
picture of interstitial cystitis, has been without effect m our experience 
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be characterized as occasional rather than regular phenomena in this clas. 
of patient. 

Prcoperahve and pOblopeTatire me of streptomycin in relation to gemto-urinari 

surgery 

The value of streptomycin in controlling acute constitutional symptoms 
irequently with bacteremia and in improving renal function, thus permit- 
ting genito-urinary surgery under considerably more auspicious circum- 
stances, has been mentioned previously. Certain situations exist in which 
sulfonamides are contraindicated and streptomycin is the agent of choice, as 
m ureteral obstruction with stone, stricture, or tumor, in the presence of 
markedly impaiicd renal function, m the elderly where difficulties of fluid 
intake and nutrition constitute relative contraindications, and uhen sulfon- 
amides have previously failed or evidence of sensitization is present. Re- 
sistant bacteria may arise when streptomycin is employed preoperatively 
under circumstances which, because of the presence of obstructive uropathy, 
undrained abscesses, calculi, or catheters, are xinfavorable for bacteriologic 
cure. Persistence of these resistant bacteria may preclude the successful 
use of streptomycin in the postoperative period, and streptomycin-resistant 
bacteremia may arise from the urinary tract focus, thus emphasizing the 
impoitanco of reserving streptomycin, insofar as possible, for a time ulien 
circumstances for cure are most favorable When tlie main source of infec- 
tion IS to be removed, as in nephrectomy, this difficulty may be obviated to 
some extent Although temporary improvement may occur following 
streptomycin therapy of patients with established perinephric or renal 
abscesses, permanent improvement is rare indeed unless chemotherapy is 
combined with surgical drainage. In coses in which bacilluria has been 
present preoperatively, unnaiy sterilization occurs relatively infiequently 
even with the latter type of management. Disappearance of bacilluria has 
occurred in about 20 per cent of our own cases and of these the majority 
iiave undergone nephrectomy, thus bunging into question the part that 
stieptomycin has played in elimination of infection. Streptomycin, as well 
as other chemotherapeutic agents, has been uniformly unsuccessful in 
sterilizing the urine in the presence of catheter drainage with indwelling 
urethral, suprapubic, or nephrostomy tubes, which act as foreign bodies 
preventing eradication of infection and serve as a convenient portal of entry 
for reinfection. The frequency' with which infection appears or the bac- 
terial flora of the urine changes after catheterization emphasizes the impor- 
tance of the proceduie and iJie careful technic which should be employed. 
The incfficacy of stieptomycin under these conditions is ilhistiated by’ the 
inability of the drug to maintain the unno sterile even when patients with 
no urinary’ infection are started prior to and maintained after cathetcriza- 
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Relapses 

Accurate knowledge of the relapse rate of gram-negative bacillary infec- 
tions of the urinary tract following streptomycin or other chemotherapy is 
not available beyond the general knowledge that recurrence of bacilluria is 
very frequent. The patients studied in cooperation with the National 
Research Council (2) sho\^cd a relapse rate of 9.4 per cent, probably much 
below the true figure, because of the bhort or inadequate follow-up charac- 
teristic of such a study. The relapse rate in our ov\ n cases has been almost 
25 per cent within 0 months after treatment. If one excludes the cases of 
pyelonephritis of pregnancy and urinary tract infections following catheteri- 
zation or urologic study procedures, which represent usually only transient 
episodes that receive carl}' and adequate treatment, the frequency of re- 
lapse is even more striking. The data obtained from the National Research 
Council series, however, indicate the time at which relapse is observed. In 
patients in whom recurrence of bacilluria occurred, it was noted in 57 per 
cent within 1 week of tcnnlnatioii of chemotherapy, between 1 and 4 weeks 
in 27 per cent, and later tlian 1 month after treatment was discontinued in 
IG per cent. 

Method of Treatment 

Time-dosage relationships arc of great practical importance in the 
management of patients. Streptomycin has appreciable toxicity, in con- 
trast to penicillin, and it is therefore important to keep the dosage as low 
as is commensurate with obtaining the best result. Determination of 
bacterial sensitivity is of only occasional practical importance, since strepto- 
mycin is bactericidal for the majority of gram-negative bacilli encountered 
at present, with the exceptions noted below, and the urinary concentration 
with the recommended dosage usually far exceeds the in vitro sensitivity. 
In the presence of bacteremia this determination is of importance as a guide 
to dosage, inasmuch as the serum concentration should at least exceed, pref- 
erably by several times, the in vilro sensitivity. 

The correlation of average daily dosage with clinical and bacteriologic 
result obtained in a large series of patients (3) is presented in table 61. The 
clinical results with a daily dosage of 1 gm were as good as those with higher 
dosage, and the bacteriologic result following a dose of 1 gm did not differ 
significantly from those receiving higher dosage. The data of numerous 
smaller series are in accord with this finding, and the conclusion would seem 
justified that 1 gm daily is a dose sufficient to achieve the best clinical and 
bacteriologic result. With this dose a urine concentration of streptomycin 
less than 100 pg/ml will be observed only occasionally, provided the fluid 
intake is limited to 2,500 ml a day. This represents a useful method for 
conserving material, decreasing the incidence of toxic reactions, and in- 
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Cases characterized by acute hemorrhagic cystitis from which E. colt is 
commonly isolated have responded well to streptomycin. The usual course 
of this disease, however, is relatively short and self-limited, the response to 
instillations of argyrol good, and the part that either local or systemic treat- 
ment plays in modification of the natural cause of the disease difficult to 
evaluate. Dienes, Ropes, Smith, Madoff, and Bauer (G), have noted a 
satisfactory response to chemotherapy in similar cases from which pleuro- 
pneumonia-like organisms were isolated. 

Nongonococcal urethritis and prostatitis* 

Inflammation of the urethra and prostate due to gram-negative bacilli 
and to penicillin-resistant gram-positive cocci is not infrequent. The in- 
formation regarding the usefulness of streptomycin in these cases is rela- 
tively limited. Cases of urethritis that clinically do not present prostatic 
involvement have usually re.sponded well. The results are poorer when 
prostatitis exists, the symptoms and urethral discharge subsiding usually 
only temporarily, if at all, or recurrmg promptly after cessation of chemo- 
therapy. 

Cases of purulent urethritis occur, sometimes accompanied by prostatitis 
and cystitis that do not present a clear bacterial etiology. Urethritis may 
be associated in some instances with arthritis and conjunctivitis to comprise 
Reiter’s syndrome. Pleuropncumonia-Uke organisms have been isolated 
from some of these cases, which fail to respond to sulfonamides or penicillin, 
particu’arly if there has been previous treatment with the latter agent. 
Rapid improvement in symptoms, subsidence of urethral discharge, and 
disappearance of pleuropneumonia-bke oi^anisms from urethral cultures 
have been noted following streptomycin therapy in some patients who pre- 
sent genito-urinary involvement alone. Dienes has pointed out the diffi- 
culty in evaluating the effectiveness of streptomycin in cases of nonspecific 
genito-urinary disease from which pleuropneumonia-like organisms have 
been isolated, since the natural course of the disease is frequently a self- 
limited one with a tendency to spontaneous subsidence of symptoms and 
disappearance of pleuropneumonia-like forms over a relatively short period. 
The value of streptomycin is considerably clearer in patients with disease of 
long duration, in whom a striking effect occasionally may be obsen'ed 
following chemotherapy. Some cases of Reiter’s syndrome have shoi\'n 
rapid improvement of genito-urinary tract symptoms and signs but more 
gradual improvement during and after streptomycin therapy with respect 
to symptoms related to the arUiiitic component of the sj-ndromc. Relapses 
have been observed in both types of cases (6, 7). 

* The suggestions and cnticism of Dr Howard Weinberger are gratefully ac- 
knowledged. 



UniN’AIlV TltVCT INFECTION’S 


•117 


successfully treated with a relatively low total dosage. The correlation 
between clinical and haclcriologic results and total dosage is presented in 
table 62. There is no relation between clinical result and total dosage, 
and tlic similarity of the bacteriologic results obtained witli varying total 
dosage is quite striking. One may reasonably conclude that large total 
doses have little place in the treatment of urinary’ tract infection. 

Because the rate of excretion of streptomycin is considerably slower than 
than that of penicillin, injections may be spaced at longer intervals. The 
data in table 03 justify the conclusion that injections at 0-hour intervals are 
adequate to obtain optimum results, and there is suggestive evidence re- 
garding injections spaced at even wider inlctx’als (3). 

Inasmuch as streptomycin leprc-scnts not the initial agent but ratlier an 

TABLE 02 


IttiuUa on urinary tract in/ecUona correhicd vilh Mat 
doaage of alrcplomyctn (3) 
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- 

H 
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Percentages 



69 


.31 


58 


42 


addition to the armamentarium available for the treatment of urinary tract 
infections, the cfTect of concomitant treatment with this agent and other 
available preparations is of interest. The evidence is inadequate to justify 
any conclusions in this regard, although the demonstration by Kolmer of the 
effectiveness of combined treatment w’ith streptomycin and sulfadiazine 
in experimental Kl. pneumoniae infections suggests the u&e of both agents 
m these infections (8) Patients treated sui^ically in conjunction with 
chemotherapy for the drainage of abscesses, relief of urinary obstruction, 
or removal of calculi generally do very well. In the National Research 
Council series (3) 87 per cent of the patients treated with both suigical 
and chemotherapeutic measures manifested clinical improvement, as com- 
pared W’lth 69 per cent m the entire gioup. This is particularly notable 
m view of the advanced character of the pathological process present in 
these patients Sterilization of the urine is less frequent than the good 
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creasbg the concentration of streptomycin in the urine. ’When fluid intake 
must be maintained at a higher level, the dose of streptomycin should be 
correspondingly increased. The type of bacteria responsible for a given 
infection may be a factor in determining dosage. HTien bacteria of known 
borderline resistance are present or when Ps. aeruginosa or S. faecalis is 
cultured from the urine a minimtim dosage of 2 gm is advisable. This pro- 
cedure has produced better results in our o’wm cases, although its effective- 
ness was not confirmed in the abov'e series, in which no difference was ob- 
sen'ed between these doses. The presence of bacteremia also justifies 
higher dosage, and at least 2 gm daili' is recommended. Smaller doses 
should be used for infants and children; 25 mg per pound of body weight is 

TABLE 61 


Euults on urinary tract injcctiona condaUd tcith aicrage daily 
dosage of tlreptomyein 
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quite adequate even in the presence of bacteremia, and 0.25-0.5 gm di-iily 
sufficient for uncomplicated infections. 

Treatment for 5 to 7 days usually suffices to obtain the best clinical re- 
sults Occasionally, however, clinical improvement may continue uith 
gradually decreasing fever and pjTiria, m the presence of which continued 
treatment is quite justifiable. Likewise, clinical improvement may con- 
tinue m spite of failure to slcnlize the urine. The bacteriologic reaults 
were as good m patients treated for less than 5 days as m the otlier groups. 
This is c.^cplaincd by the appearance of urinary stenlization, if it is to occur, 
within 3 days of initiation of chemotherapy and usually within a .riiorter 
period of time. There have been no exceptions to this in our oW7i experi- 
ence. The presence of resistant bacteria after this pencil of treatment pre- 
cludes any improvement in bacteriologic result. 

A corollarx’ to the recommendations n’ganling average daily dosage and 
(hrolion of treatment slioulil be that mo-t urinarj- tract infections may be 
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treatment of urinary tract infection. In defining the results of chemo- 
therapy of these infections, one sliould remember the importance of long- 
term follow-up and bear in mind that the results so far obtained arc rela- 
tively immediate in point of time. Data arc not yet available concerning 
the ponnancncy of the cures obtained, and it lias been shown that the usual 
laboratory tests are of little value in prognosis for patients in whom urinary 
tract infections have been arrested with sulfonamides (2). 

Age 

Table 04 presents the correlation between age and results of treatment 
of the patients studied during the National Research Council program (3). 
The clinical results were essentially the same in all age groups, but the fre- 
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quency of bacteriologic cure is significantly less in patients more than 40 
years old. 


Sex 

The correlation between sex and results of treatment is similarly shown 
in table 05. The clinical results were slightly but significantly better in 
females than in males, and the bacteriologic results were considerably 
better in the females. This was true for patients in the older as w ell as in 
the younger groups. 

Duration of prior illness 

The importance is well established of duration of prior illness in pro- 
ducing the chain of events associated with chronic pyelonephritis In the 
cases treated under the National Rescaich Council program (3) only a 
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clinical results might indicate. This would follow logically from the neces- 
sity for frequent use of catheters to assure the free flow of urine and the 
presence following urinary tract surgery of wounds with granulating sur- 
faces which offer very favorable conditions for bacterial growth. 

Strikingly improved results are obtained by the concomitant use of strep- 
tomj'cin and alkali in dosage sufficient to maintain the urine at an alkaline 
pH at which the activity of streptomycin is considerably enhanced. Oral 
administration of sodium bicarbonate or of sodium or potassium citrate in 
doses of 2 gm every 4 hours usually suffices to maintain the urine alkaline. 
Potassium citrate (50 per cent solution) is employed in patients with car- 
diac disease. Objections may be raised to the use of concomitant alkali 
when Pr. vulgaris is present in the urine, since an alkalme medium favors 
an increased rate of growth of this organism and precipitation of calcium 
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phosphate In pure Pr. vulgaris infections the use of alkali may be un- 
necessary, since the urine is usually already alkaline, but in mixed infections 
the unnar>' pH should be folloued carefully because with the eradication 
of Pr. vulgaris the urine may become acid and alkali therapy may be re- 
quired. It should be borne in mind that complications incident to fluid 
retention may arise following alkali therapy in cardiac patients and thO'-c 
uith azotemia 

The local use of streptomycin m the bladder or renal pelves by irngation 
through catheters has not been beneficial in the small number of reported 
cases. 

Factoiis Determixixq Results 

■V preliminarj' classification may be made concerning the importance to 
therapeutic success of the various factors that must be considered in the 
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may be due to tlie urca-uplittiiig alulity of this oigaiiifein witli (he formation 
of an alkaline urine, in uliich .slrcptoinj’cin is more active. It uill be occa- 
sionally observed that in mixed infections with Proteus this organism will 
disappear, the urine will become acid, and other members of the bacterial 
flora may jiersist. The jire&ence of Proteus should suggest careful search 
for calculus formation, which innuenee.s adversely the results obtained w ith 
all chemotherapeutic agent.s. Some cultures of Ps. acnujiuosa, S anrrus 
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Fig 71 Itclation of bacterial flora to results of treatment witii streptomycin in 
urinary tract infections. 

and atbus, and faccalis also may split uica and produce ammonia and 
a strongly alkaline urine conducive to stone formation. 

The clinical results are poorer and sterilization of the urine is loss fre- 
quent in the picscnce of mixed Infections than in the presence of a single 
type of bacteria. This relationship is shown m figure 71 . Tlie anatomical 
lesions associated with mixed infections are aUo frequently moie complex. 

Use of alkali 

Strikingly improved lesults are obtained by the concomitant adminis- 
tration of streptomycin and alkali in sufficient dosage to maintain the urine 
at an alkaline pil, at which the activity of streptomycin is considcrablv 
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slight tendency was noted toward pooicr clinical and bacteriologic results 
with increasing duration of illness, and this tendency was more marked in 
urinary tract infections accompanied by acute constitutional symptoms 
and signs than in chronic types of infection. In our own cases the impor- 
tance of duration of illness has been more prominent in determining both 
immediate response and frequency of relapse. The effect of duration of 
illness is frequently difficult to evaluate because of the irregular course and 
response of low-grade urinary tract symptoms and low-grade fever asso- 
ciated with chronic pyelonephritis. 

Bacierial fiora 

Within the range of bacterial sensitivity to streptomycin which governs 
the treatment of urinary tract infections, variation in sensitivity does not 
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licmlla oj itreplomycin on vnnary tract infecUona correlated with 
sex oj patients (3) 
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appear to be of gicat importance. HaiicH, Herndon, Gilliken, and Aikawa 
(9) have shoivTi that bacteria sensitive to a concentration of 2 /ig/m/ before 
treatment ^^ele as likely to be icplace<l by highly resistant bacteria of the 
same type as \\eie organisms uith an initial sensitivity of 32 ^g/ml. If 
the sensitivity of the bacteria present is within this range, little benefit 
appears to be derived by increasing the daily dosage beyond 1 gm. 

Ps. aeruginosa and S faccahs both occur frequently in urinary tract in- 
fections and are usually more resistant to streptomycin than other com- 
monly occurring bactena. 'flic results have been correspondingly poor 
when these bactena are the ctiologic agent. More c.xtensive urinary tract 
pathology has been said to accompany infection with Ps. aeruginosa, as 
well as with A aerogenes, although the evidence for this is not entirely 
clear. Infections with Pr. vulgaris, on the other hand, have shown urinao' 
sterilization more frequently than mfcctions with other bacteria. This 
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with the urinary tract offer sauch favorable conditions for bacteriological 
growth that sterilization of the urine cannot be accomplished under such 
conditions. Under these circumstances icduction of tlie number of bac- 
teria in the urine may occur with streptomycin therapy, but the bacterial 
count returns to its former level either during or immediately after termi- 
nation of treatment, and the u&cfulness of streptomycin is confined for the 
most part to control of acute upper urinary tract dUeasc with acute con- 
stitutional symptoms and signs. 
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increased. In our cases treated without alkali, urinarj’ sterilization has 
occurred in 20 per cent, whereas disappearance of bacilJuria has resulted 
in 73 per cent of (hose patients given concomitant alkali. Administration 
of alkali has not influenced the appearance of resistant bacteria in cas es 
with persistent bacilluria. Continuing bacilluria uith streptomj'cin-sensi- 
tive bacteria has been reported (10), but in our experience these bacteria 
have been, without exception, highly resistant regardless of the use of con- 
comitant alkali. 


Bacterial reshlance 

The immediate factor in failure with streptomycin is development by 
bacteria of high degrees of resistance. This is observ’ed frequently during 
treatment of all types of infection with streptomycin. The rapidity of 
development of resistance during the treatment of urinary tract infections 
IS striking, and once the phenomenon is apparent, increasing dosage is of 
no avail. The in vitro sensitivity of bacteria before treatment is not a good 
guide to development of resistance. The number of organisms comprising 
the original population of the urine is probably the most important factor 
governing the appearance of this phenomenon (11). Bacteremia origi- 
nating from bacteria that have become resistant in the urinary tract has 
been mentioned previously and emphasizes the importance of selection of 
the time for chemotherapy when various factors influencing cure are most 
favorable In accord irith the permanence of streptomycin resistance pro- 
duced by in vitro methods is the persistence of resistant bacteria in the 
unnar)' tract for long periods Jlany patients will continue to show re- 
sistant bacteria for at least 0 months after cessation of treatment. Some 
decrease in the degree of resistance, however, may occur over prolonged 
periods. Other patients may show the appearance of bacteria of the same 
or different species which arc sensitive to streptomycin and probably rep- 
resent new' invaders 

Anaiomical abnormalities of the genito-uriiiary tract 

The largest group of therapeutic failures occurs in patients in whom are 
present anatomical abnormalities of the genito-urinary tract tliat prevent 
fiee flow of urine and allow accumulation of residual urine. Such abnor- 
malities are an indication for combined urological and medical approach. 
Foreign bodies in the urinary tract, sucli as calculi, indwelling catheters, 
suprapubic cystotomy or nephrostomy tubes, offer a convenient portal of 
entry for reinfection and predispose to development of bacteria resistant 
to streptomycin. Undrained abscesses represent foci that arc inaccessible 
to chemotherapeutic agents and prevent clinical improvement or bactcrio- 
logic cure. IVounds with granulating surfaces or fistulas communicating 
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CllOLEKA 

Cholera is piesuniably caus^ed by growth of V. comma and liberation of 
a toxin or toxins in the bniall intestine. Since vibrios do not invade the 
tissue, it is supposed tliat tlie toxin causes a great increase in the permea- 
bility of the enteric mucous mcmbniue and perhaps the clinical "toxemia” 
to account for the signs and symptoms. As mentioned previously, the 
vibrios would seem, therefore, to he expo&c<! ideally in the lumen of the 
bowel for attack by large amounts of streptomycin attained by oral ad- 
ministration. 

Oppoitunily to test the therapeutic effects of stieptomycin on cholera 
was alToitlcd in the Chungking epidemic in 1945 (5), when ten patients 
were treated beginning on the first day of disease. 

Three received 2.5 to 5 gm orallj' a day, in divided dosCs every 3 hours. 
Treatment was seldom continued l)cyond the fourth or fifth day, since re- 
coveiy usually occurred before that lime. All patients leccived routine 
injection of fluids for rehydration. Streptomycin was occabioiially ejected 
in vomitus. Usually within 24 hours after beginning therapy, the stools, 
which had contained myriads of vibrios, were free from tlie organisms 
when examined microscopically, but in all instances V. comma could be 
cultivated from the fcccs during and for several days after therapy. No 
clinical benefit was noted as compared with patients treated by rehydration 
alone. 

The elTects of parenterally administered streptomycin in addition to that 
given orally were tested in seven patients. One received 3 gm intrave- 
nously and the others 4 gm intramuscularly daily in divided doses for 1 to 
2 days. No benefit was observed. 

The average duration of disease in patients wIjo received streptomycin 
was 3 days as compared with 4.0 days among 50 who were not given the 
drug Since only 10 patients were treated, it is unsafe to ascribe the short- 
ening of the disease to specific therapy. 

Vibrios isolated from the stools of several patients before tlierapy varied 
greatly in their resistance to streptomycin. Some were sensitive to as 
little as 5 pg/ml of broth, others resisted more than 500 ng. Resistance 
to streptomycin bore no relation to the variety of the vibrios, whether 
they were of the AB (Ogawa), the AC (Inaba), or the ABC (Hikojima) 
types. 

Typhoid 

Typhoid, like cholera, theoretically should respond favorably to treat- 
ment with streptomycin. The extreme range of sensitivity of S. typhosa 
to streptomycin is reported as from 4 to 120 /ig/ml of culture, but the 
usual range is from 1 to 16 (G) The latter amounts arc easily attained 
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f 'f of vduc in the treatment of in- 

tU-e tr-, moat of tlie bacilli involved are tensi- 

t.v e to Its effects and amounts of streptomycin in excess of that needed for 
b ctenos asis in culture mediums usually can be attained in the blood and 
tesues after parenteral injection. Furthermore, certain enteric infections, 
ike cholera and bacillary dyscntciy, both primarily local infections of the 
hoHoI, nould scorn to be ideal for treatment ivith streptomycin given orally, 
since by this route the drug is almost entirely excreted unchanged In the 
feces in accumulated amounts far m excess of those needed to kill the le- 
spectivo causative bacilli in culture medium. Oral administration of 4 gm 
a day provides 1 to 20 mg of streptomycin per gram of feces (1), the 
ainount present varying with the dosage, the quantity of feces, and the 
rate of oyacuation. When large amounts of streptomycin are present in 
ic I a fscnsitive bacteria greatly diminish in number or are elimi- 
nated; others are not (2) affected. Shortly after treatment is stopped and 
streptomycin disappears from the .stool, the affected bacteria are rapidly 
rcciitabhbhcd. 


Unfortunately, and for reasons unknown, streptomycin has failed gen- 
era y to modify significantly the course of enteric diseases except bacillarj' 
dysentery, and not much space need l>c given this subject. To account 
for tiicrapeutic failure in typhoid, it was presumed that typhoid bacilli 
often are intracellular and thus may Iw protected from the effects of the 
drug. This is not tenable, since l\ iularcnsis is also found intracellularJy, 
and tularemia is easily controlled with streptomyein. A more probable 
reason for therapeutic failure m both typhoid and cholera is the prc.-ence 
of strains of the rospcctne baeilh, or variant forms of these strains, that 
cither arc initially resistant to bacteriostatic amounts of streptomycin or 
become so after c.\posure to it. Furthermore, it is knoum (3) that certain 
variant forms of L. colt, for e.xamplc, require streptomycin for growth. In 
experimental studies (4) in mite uioculatcd with S lyphosa, streptomycin 
in large dosage controlled infections in all animals, whereas smaller dorcs 
actually increased the fatality rate as compared with controls. 
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other patients (14) who received streptomycin orally and parcnterally for 
10 days, typhoid bacilli wore not eliminated from the stools. 

Infections Caused by Otheb Salmonella 
Other bacilli of the Salmonella group arc, in general, more resistant to 
streptomycin than is S. typhosa. The extreme range is reported (6) as 
inhibition by 4 to 120 /ig; most strains arc sensitive in the range of 4 to 
32 ;jg/ml of broth. 

Although favorable results from streptomycin therapy are occasionally 
reported, recovery, as in the ease of typhoid, might have occurred wthout 
it. Generally, the results have been unsatisfactory. Nineteen patients 
with enteritis caused by Sahnonclla were reported on by the Committee on 
Chemotherapy (11). Of these, eight recovered, seven showed no effect, 
and five died. In three of five patients with bacteremia, the blood was 
cleared by streptomycin. In one patient with ulcerative colitis and super- 
imposed Salmonella infection, temporary relief of ‘symptoms followed each 
of three courses of therapy. Little noticeable effect was obtained from 
streptomycin in the treatment of five new boro infants with enteritis caused 
by S. typhiinurium (10). Tlie bacilli disappeared from the stools during 
treatment but reappeared afterward. In one study (17), report is made of 
two patients with Salmonella dysentery who were said to have been cured. 
One, infected with S. paratyphi, failed to respond to sulfaguanidinc but 
recovered after streptomycin was given orally in dosage of 0.5 gm. every 4 
hours for a day and a half. The other patient, who was sick for 48 days 
with enteritis caused by S. iyphimurium resistant to 50 //g of streptomycin, 
was given 0.1 gm. orally every hour and 0.25 gm. intramuscularly every 6 
hours for 3 days. Pulaski also reported a patient infected with S. para- 
typhi (5, paratyphosus A) wlio was not aided by sulfaguanidino but re- 
covered rapidly after receiving a total of 4 gm of streptomycin in doses of 
0.5 gm. orally every 4 hours. Another severely sick patient wth the same 
type of infection died in spite of treatment with 0.125 gm. of streptomycin 
intramuscularly every 3 hours. 

References to several other case reports are given elsewhere (18). 

Bacillary Dysentery (Shigellosis) 

Although not many patients with shigellosis have been treated with 
streptomycin, the results have been better than for other enteric infections- 
Only two cases are mentioned in the report of the Committee on Chemo- 
therapy (11). Both patients had received sulfonamides previously; both 
recovered after streptomycin treatment was begun in the third month in 
one and in the fifth month in the other patient. They received 1.5 gm of 
streptomycin intramuscularly daily for 5 days. Cultures of the stool, posi- 
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in the blood after parenteral injection and are far exceeded in the stool after 
oral therapy wth the usual dosage. 

The first opportunity for a clinical trial of streptomycin on typhoid 
came during an epidemic in 1945 (2). Five patients were treated: one 
orally, two intramuscularly, one intravenously, and one both orally and 
intravenously. The oral or intramuscular dosage varied from 1 to 4 gm 
daily. Three patients recovered during treatment, but recoveiy could be 
ascribed to spontaneous improvement; the others were not favorably in- 
fluenced. In subsequent studies (I) five more patients were treated with 
similar equivocal results. In one patient who recovered, the causative 
typhoid bacilli resisted amounts of streptomycin in broth larger than the 
amount attained in the blood; in another in whom infection was not con- 
trolled, 22 pg of streptomycin was present per milliliter of blood yet the 
bacillus was sensitive in vitro to only 9 ^g- Bacteremia persisted during 
therapy. In several instances when tests were made, there was no evidence 
that the causative bacilli had become more resistant to streptomycin as 
a result of exposure to it. Parenteral therapy had no influence on the pres- 
ence or number of typhoid bacilli in the feces, but during oral therapy 
typhoid^bacilli and other bacteria were diminished greatly in number or 
were eliminated as long as therapy was continued and streptomycin was 
present in bacteriostatic amounts in the feces. S. typhosa and other sup- 
pressed bacteria reappeared in the stools soon after streptomycin was dis- 
continued. 

Several other reports of treatment with streptomycin of one or more 
patients (7-14) describe similar results, with the general conclusion that 
streptomycin is of no value in altering the clinical course or the fatality 
rate in typhoid. It is not lcno^vn why S. typhosa persists in the blood when 
amounts of streptomycin arc present in excess of that needed to kill the 
bacilli in culture medium, but the intracellular location of the organism 
alone cannot be held responsible. It is more likely that streptomycin- 
resistant variant forms are present, persist, or even multiply, or that the 
environment in the body protects otherwise sensitive bacilli from the anti- 
biotic 

As might have been predicted from early studies (2) attempts to rid 
carriers of typhoid bacilli have been unsuccessful. Typhoid bacilli though 
eliminated from the stool while streptomycin was present there in large 
amounts after oral administration, reappeared when treatment was stopped 

In one study (15) of carriers, no changes in the number of tjqihoid bacilli 
in the stools were noted during mtramuscular administration of strepto- 
mycin, as would be expected. During oral therapy of .03 gm every 3 hours 
for eight doses, the stools of two of three earners were freed from S. typhosa, 
but the bacilli reappeared 12 hours after treatment was stopped. In the 
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other patients (14) who received streptomycin orally and parcnterally for 
10 days, typiioid bacilli were not eliminated from tlic stools. 

Infectioks Caused dy OniEn Salmonella 
Other bacilli of the Salmonella group arc, in general, more resistant to 
streptomycin than is S. typhosa. Tlic extreme range is reported (0) as 
inhibition by 4 to 120 /ig; most strains arc sensitive in the range of 4 to 
32 /ig/ml of broth. 

Although favorable results from streptomycin therapy are occasionally 
reported, recovery, as in the case of typhoid, might have occurred without 
it. Generally, the results have been unsatisfactory. Nineteen patients 
with enteritis caused by Salmonella were reported on by the Committee on 
Chemotherapy (11). Of these, eight recovered, seven showed no effect, 
and fi\e died. In three of five patients with bacteremia, the blood was 
cleared by streptomycin. In one patient uith ulcerative colitis and super- 
imposed Salmonella infection, temporary relief of symptoms followed each 
of three courses of therapy. Little noticeable clTcct was obtained from 
streptomycin in the treatment of five new bom infants with enteritis caused 
by 5. typhimnrium (IG). The bacilli disappeared from the stools during 
treatment but reappeared aftenvard. In one study (17), report is made of 
two patients w'ith Salmonella dysentery who were said to have been cured. 
One, infected with S. paratyphi, failed to respond to sulfaguanidinc but 
recovered after streptomycin was given orally in dosage of 0.5 gm. every 4 
hours for a day and a half. The other patient, \\lio was sick for 48 days 
wth enteritis caused by S. lyphimurium resistant to 50 #ig of streptomycin, 
was given 0.1 gm. orally every hour and 0.25 gm. intramuscularly every 6 
hours for 3 days. Pulaski also reported a patient infected with S. para- 
typhi (S. paratyphosua A) who was not aided by sulfaguanidine but re- 
covered rapidly after receiving a total of 4 gm of streptomycin in doses of 
0.5 gm. orally every 4 hours. iVnoUicr severely sick patient with the same 
type of infection died in spite of treatment with 0.125 gm. of streptomycin 
intramuscularly every 3 hours. 

References to several other case reports are given elsewhere (IS). 

Bacillary DysENTEEY (Shigellosis) 

Although not many patients with shigellosis have been treated with 
streptomycin, the results have been better than for other enteric infections 
Only two cases are mentioned in the report of the Committee on Chemo- 
therapy (11). Both patients had received sulfonamides previously; both 
recovered after streptomycin treatment was begun in the third month in 
one and in the fifth month in the other patient. They received 1.5 gm of 
streptomycin intramuscularly daily for5 days. Cultures of the stool, posi- 
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tive before treatment, became negative afterward. A patient of Morgan 
and Hunt (12) with dysentery caused by Sh. konnei was given 1 gm. of 
streptomycin orally five times a day beginning the fifth day of disease. 
Recovery occurred within 12 hours and Shigella disappeared from the stools 
Pulaski and Amspacher (17) reported uniformly good results in sLx patients 
of various ages with dysentery caused by the sonnei, flexner W, fle.xner V 
and W, and newcastlc types of Shigella. One case had lasted 8 days; the 
rest, 7 to 15 months as chronic dysentery. Sulfonamide therapy had failed 
previously in each case. Streptomycin was given orally in doses of 005 
gm everj' hour to 1 gm every’ C hours, and intramuscularly from 0.1 gm 
every 2 hours to 0.4 gm every' 4 hours for 4 to JO days depending on the 
.size of the patient and other circumstances. Two were treated orally alone. 
Good results were obtained whether streptomycin was given orally, paren- 
terally, or by both routes. Dysentery bacilli disappeared from the stool 
in most instances. No recurrences were observ’cd. 

The largest series of persons treated with streptomycin together with 
untreated ones for control was reported by Hardy and Halbert (19). This 
report includes carriers as well as patients with dysenteiy. 

Streptomycin m sweetened milk was given orally four times daily over 
a 3-day period to thirty-seven persons 5 to 15 years old 'IS\enty persons 
received 3 gm of streptomycin and seventeen received G gm, during the 
3-day penod. Patients whose ShgcUa resisted sulfonamide therapy were 
included. During and shoitly after treatment, shigellas rapidly decreased 
in number in the stools from all patients and were gone bj’ the si\th da}’. 
Other streptomycin-sensitive bacteria also dcei eased in number. At the 
third week, shigellas reappeared m eight persons’ stools. 

Many previous studies have shown sulfadiazine to be effective in treatmg 
bacillary’ dysentery and to rid earners of Shigella. Sulfadiazine is at pres- 
ent the drug of choice so far as cost is concerned, but smee streptomycin 
IS equally effective it may be preferable. No toxic effects were noted in 
any patients who received streptomycin by mouth. Streptomycin is rn- 
dicated m patients known to be sensitive to sulfonamide compounds or m 
severely dehydrated patients, and if the bacilli are, or become, resistant to 
sulfadiazine. The dosage recommended at present is 1 to 4 gm daily, m 
divided doses orall}’, for 3 to 16 days depending on circumstances. Since 
dysentery’ bacilli may lodge deep in the tissues, some obser\’ers have rec- 
ommended combined oral-intramuscular therapy, to be included m the 
same range of dosage. 

Jklany more studies under controlled conditions are needed before final 
evaluation of streptomycin for treatment of bacillary’ dysentery can be 
made. 
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Infectious Diaiuuie-v of Infants 

The cause of this often fatal disease of infants is unknomi. Numerous 
bacteria of the Shigella, Ei^herickia, Salmonella, and Prolcus groups and 
others have been suspected. The concensus at present favors an unknown 
virus or viruses as the cause. Nevertheless, Pulaski and ^Vmspacher (17) 
treated with strcptonii’cin twelve infants with infectious diarrhea and be- 
lieved that good results were obtaincil in several. Two died, and another 
suffered a recurrence of the disease. The dosiige, given orally, was 0.3 to 
0.0 gm daily per kilogram of body weight. Tliese workers lecommended 
further trial in the treatment of the disease with the following regime: 
isotonic solution of sodium chloride, blood or plasma given intravenously 
for dehydration and the shock-like state, carl)' oral feeding 75 to 125 calo- 
ries per kilogram of body weight if there is no vomiting, and streptomycin 
in minimal dosage of 0 5 gm per kilogram of body weight. In smaller 
infants and in critical cases, minimal doses up to 1 gm |>er Icilogram of 
body weight per day were advised. Treatment should be continued for 1 
week. 

Idiopathic Chronic Ulcer.vtivb Colitis 

Since the cause of this disease is unknown, antibacterial therapy at pres- 
ent is empirical CNcopt as a measure to control secondary infection, to alter 
the flora of the intestine, or to prepaie the bowel for surgical operation. 
Sulfonamide compounds, both soluble and relatively insoluble, and peni- 
cillin are of little value (20), but streptomycin theoretically should be help- 
ful because of its properties of attacking pathogenic gram-negative bacilli 
and certain other bacteria that inhabit the intestine, and because large 
amounts of it accumulate in the bowel during oral therapy. 

Reports of the use of streptomycin in only about -lO cases of chronic 
ulcerative colitis (21) make it difficult to assess the value of the drug. Ob- 
servers seldom have treated more than a few patients, and some of the pub- 
lished reports give no detailed information. Controlled studies with un- 
treated patients in a disease like ulcerative colitis are hal'd to arrange 
satisfactorily because of the great variation in severity and duration of the 
disease and its natural tendency to remission and relapse. Thus far, as 
would be expected, opinion as to the value of stieptomycm therapy varies. 
Some regard its use unjustified (20), some as of doubtful value (10), and 
others recommend it to reduce fever and toxicity during exacerbations (17, 
21, 22) or to prepare the bowel for surgical operation The results in gen- 
eral are not encouraging, and a number arc similar to those icportcd m one 
of the earliest observations, namely, "during theiapy the number of stools 
lessened, but the fever persisted unchanged.” Other workers had similai 
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experience (23). In certain instances, hou'ever, temporarj* remission un- 
doubtedly has occurred in severe attacks while the drug was given either 
parcnterally, orally, or both. The few good results thus far reported have 
apparently resulted from treatment in the early period of the first attack. 
It is impossible, however, in such instances to Jmou' whether the disease 
would have become chronic if streptomycin had not been given. 

Of two patients \rith first attacks of colitis on whom good results were 
reported, one treated in the sixth week (24) uith intramuscular injections 
of 0.5 gm every 4 hours began to recover within a day or two; the other 
(25) treated during the third month also recovered promptly after recei\'ing 
0.1 gm intramuscularly ever^' 3 hours. Of nine cases reported by Pulaski 
and Amspacher (17), significant improvement occurred in only three during 
active episodes. Jlost of the patients were given streptomycin orall 3 ’ m 
doses of 0.25 to 1 gm every 3 to C hours and intramuscularly in doses of 
0.2 to 0.5 gm every 3 to 4 hours. Most of the patients with chronic colitis 
were said to have received some, if only temporaiy’, benefit from therapj*. 
In another scries of seven cases (11) no beneficial clTect was recorded. 

No reports of the use of streptomycin for regional ileitis have been en- 
countered. 

STREPTOin'crx in Prepaiution for Intestinal Surgery 

The striking diminution in the number of bacteria in feces during oral 
administration of streptomycin for typhoid as noted by Reimann, Elias, 
and Price (2) suggested use of the drug to reduce the bacterial content of 
the bowel before surgical operation (I). Even though the flora is sup- 
pressed onl^' as long as streptomycin is present in sufficient amount in the 
bowel, such a temporary reduction is desirable during intestinal surgerj'. 

In a small senes of patients (1), 1 to 6 gm of streptomycin daily in di- 
vided doses every 3 hours by mouth gave 000 to 10,000 pg/gm of feces. 
Colon bacilli were elimmated in most instances. In one patient, how- 
ever, despite daily 5-gm doses of streptomj'cin and the presence of 2,000 
to 16,000 pg/gm of feces, colon bacilli and other bacteria persisted. These 
colon bacUli resisted more than 200 pg of streptomycin per milliliter of 
broth. 

Dunng oral therapy, bacteria sensitive to streptomycin, including S. 
fecalis, usually begm to diminish 12 hours after the first dose and when at 
least 600 pg of streptomycm per gram of feces is present. Growth is usu- 
ally reestablished 24 to 48 hours after the last dose, or when the stool no 
longer contains bacteriostatic amounts of the drug. 

Streptomycin given orally is poorly absorbed, and no toxic effects have 
been reported. In this respect it is superior to the sulfonamide compounds. 
In one study it was superior to succinylsulfathiazole in reducing the number 
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of S.fccalis anAE. coH in feces (26). Some observers recommend a combi- 
nation of a sulfonamide compound and strcptomycin (27), 
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experience (23). In certain instances, however, temporarj* remission un- 
doubtedly has occurred in severe attacks while the drug was given either 
parenterally, orally, or both. The few good results thus far reported have 
apparently resulted from treatment in the early period of the first attack. 
It is impossible, however, in such instances to know whether the disease 
would have become chronic if streptomycin had not been given. 

Of two patients mth first attacks of colitis on whom good results were 
reported, one treated in the sixth week (24) with intramuscular injections 
of 0.5 gm every 4 hours began to recover within a day or two; the other 
(25) treated during the third month also recovered promptly after receiving 
0.1 gm intramuscularly everj' 3 hours. Of nine cases reported by Pulaski 
and Amspacher (17), significant improvement occurred in only three during 
active episodes, ilost of the patients were given streptomycin orally in 
doses of 0 25 to 1 gm every 3 to C hours and intramuscularly in doses of 
0.2 to 0.5 gm every 3 to 4 hours. Most of the patients with chronic colitis 
were said to have received some, if only temporary*, benefit from therapy- 
In another scries of seven cases (II) no beneficial elTcct was recorded. 

No reports of the use of streptomycin for regional ileitis have been en- 
countered. 

SxnEPTOirYciN in Preparation for Inteshnal Surgery 

The striking diminution in the number of bacteria in feces during oral 
administration of streptomycin for typhoid as noted by Reimann, Elias, 
and Price (2) suggested use of the drug to reduce the bacterial content of 
the bowel before surgical operation (1). Even though the flora is sup- 
pressed only as long as streptomycm is present in sufficient amount in the 
bowel, such a temporary reduction is desirable during intestinal surgerj’. 

In a small series of patients (1), 1 to 6 gm of streptomj'cin daily in di- 
vided doses every 3 hours by mouth gave 600 to 16,000 pg/gm of feces. 
Colon bacilli were eliminated in most instances. In one patient, how- 
ever, despite daily 5-gm doses of streptomycm and the presence of 2,000 
to 16,000 pg/gm of feces, colon bacilli and other bacteria persisted. These 
colon bacilli resisted more than 200 pg of streptomycm per milliliter of 
broth. 

During oral therapy, bacteria sensitive to streptomycm, including S. 
fecahs, usually begin to diminish 12 hours after the first dose and when at 
least 600 pg of streptomycin per gram of feces is present. Growth is usu- 
ally reestablished 24 to 48 hours after the last dose, or when the stool no 
longer contains bacteriostatic amounts of the drug. 

Streptomycin given orally is poorly absorbed, and no toxic effects have 
been reported. In this respect it is superior to the sulfonamide compounds. 
In one study it was superior to succmylsulfathiazole in reducing the number 
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Fundamentally the treatment of recurrent ehohingiohepatitis should be 
the opeiative removal of the predisposing fjiclors. Tims the common duct 
should be reconstiucted when a stricture exists common duct stones should 
be removed, and internal fistulae sliould be excised. In general, opera- 
tive procedures should not be attempted during an acute exacerbation of 
cliolangiohep.ititis unless continuing fever makes this necessary Clin- 
ically, it has long been recognized that biliary tract surgery can be per- 
formed with greater safety when the bilirubincinia becomes stabilized 
than when the bilirubinemia is either increasing or decreasing inintensity. 
This isgenerally true regardless of whether the plateau of bilirubinemia 
is at a high or a low level. The clinical or subclmical jaundice associated 
with cholangiohepatitis is in part due to ductal obstruction and is in part 
an expression of parenchymal cell injury of the liver. There is little doubt 
that cholangiohepatitis produces more Hver cell damage than simple ob- 
struction alone. 

Streptomycin is used in the prcoi>crativc preparation of patients with 
cholangiohepatitis and in the treatment of clmlangiohcp.atitis when opci- 
ation for one reason or another is not possible. It is used alone or in com- 
bination with penicillin. A total daily dosage of 1.0 to 2.0 gm in divided 
doses is admhustered intramuscularly every C hours for 4 to C days before 
operation. ^Vlicn penicillin is also used, a total daily dose ranging from 
400,000 to 1*, 000, 000 units a day is administered. The clinical course 
of a patient with cholangiohepatitis treated with streptomycin and pen- 
icillin is shown in figure 72. Tliis patient had had acute e.\acorbations of 
cholangiohepatitis at intervals for 2 months. Penicillin, 400,000 units 
total daily dose, apparently had no effect upon the disease; however, fol- 
lowmg the addition of streptomycin therapy his temperature remained 
normal. 

Following intramuscular injection the concentration of streptomycin 
found in the bile is approximately liaU tlie concentration of the blood 
serum (4). Figure 73 shows the concentrations of streptomycin found in 
the blood serum and bile of a patient who had received 0.6 gm of strep- 
tomycin in 200 ml of physiological saline solution by the intravenous route. 
Following the administration of 0.125 gm of streptomycin intramuscularly 
every 3 hours for 24 hours, the concentration of streptomycin in the com- 
mon duct bile was 10 units. According to Zaslow, Counseller, and Heilman 
(5), streptomycin, like penicillin, is less readily excreted by the liver in 
the presence of liver damage. Since recurrent cholangiohepatitis over a 
period of months or years may produce considerable hepatic damage, the 
effectiveness of antibiotic therapy may be considerably reduced. In the 
presence of complete biliary obstruction, penicillin and streptomycin are 
not found in the bile. Although the nature of cholangiohepatitis makes 
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CHOLANGIOIIEPATITIS ANB PERITONITIS 


CuOLAN'CIOUEPATinS 

Streptomycin is used in the treatment of cholangiohepatitis as an ad- 
junct to other forms of therapy. jUthough the nature of the cJinical mani- 
festations make it difficult at times to evaluate the effect of any therapeutic 
agent on the clinical course of the disease, apparent beneficial effects fol- 
lowing the use of streptomycin in the treatment of cholangiohepatitis have 
been reported (1, 2, 3). The acute phase is usually heralded by a dull, 
Nvhich is followed by an elevation of temperature, often as high as 102'’ to 
105®F. The elevation of temperature seldom persists for more than a few 
hours unless suppuration occurs. The temperature may then remain nor- 
mal for irregular periods — sometimes days and not infrequently months — 
without specfic therapy. .^Usociated with the chill and fever, there is an 
elevation of the serum bilirubin content which may or may not be suffi- 
cient to produce clinical jaundice. In the presence of frequent e-vacer- 
bations of infection and considerable parenchymal injurj', persistent clinical 
jaundice is usually present. 

The most frequent predisposing factor of cholangiohepatitis is some de- 
gree of obstruction of the common bile duct either by stricture or by cal- 
culi. Occasionally cholan^oliepatUis is produced by the regurgitation of 
intestinal contents into the biharj' ductal system. The most common 
causes of regurgitation of intestinal content into the biliary tract are inter- 
nal fistulae between the biliary and gastro-intestinal tracts and loss of 
function of the sphincter of Oddi. Either of these conditions will allow 
intestmal contents with the contained bacteria to gain access to the biliary 
tract. When calculi arc present m the common bile duct or in its precur- 
sors infection coexists Apparently the presence of calculi in the common 
bile ducts favors the growth of bacterial organisms. Culture of the com- 
mon duct bile in the presence of common duct calculi Avill frequently show 
the presence of bactena In our expenence E. coh and streptococci were 
each present in 50 per cent of the patients who had bacteria in the common 
duct bile. Staphylococci, P$ aeruginosa, Pr. vulgaris, clostndia, diph- 
theroids, and Salmonella were foimd m occasional cultures. 
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.imals. In studies of expcrimuntal intestinal strangulation in dogs, Blain 
and Kennedy (9) found that the dogs treated with massive doses of peui- 
eillin survived 50 to IQQ hours as compared to an average survival time of 
36 hours for the untreated animals. Davis cL ah (10) found that 100 per 
cent of rabbits treated with very large doses of streptomycin survived ex- 
perimental strangulation of the bowel, whereas all of untreated animals 
died. 

On the basis of the experimental studies cited, it would appear tliat strep- 
tomycin does have some beneficial effect in the treatment of experimental 
peritonitis, oven though the effect in some c.xpertments was not very strik- 
mg. In each of these animal e.V(>erimcnts, cither a greater number of the 
treated animals survived or the average survival time of the treated groupg 
was greater than in the untreated groups. 

«f Ututf 

CWVV'OM sT ia« <«w* 



The largest reported clinical experience with the use of streptomycin in 
tiie treatment of peritonitis js that of Pulaski, Seeley, and ]^^atthe^vs (11) 
These investigators have analyzed the results of antibiotic therapy in sixty- 
three patients to whom streptomycm was administered for the treatment 
of peritonitis. Twenty-one of these patients received streptomycin alone, 
and forty-two received streptomycin and penicillin. Recovery was thought 
to be more smooth and more rapid when the combination of antibiotics 
was used Resolution of clinical evidences of peritoneal suppuration in the 
streptomycin-treated patients was of approximately the same pattern as 
was seen in the patients receiving in excess of 800,000 units of penicillin a 
day Consistently beneficial effects were not observed with streptomycin 
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it difficult to determine quantitatively the effectiveness of streptomycin 
in the treatment of the disease, we have repeatedly seen evidence of its 
usefulness. In the absence of complete biliary obstruction, streptomycin 
inhibits the growth of bacterial organisms in the bile. 

Peritonitis 

Because most types of clinical peritonitis show a mixed type of bacte- 
rial infection, considerable interest was aroused in the possible effectiveness 
of streptomycin in the treatment of clinical peritonitis. 

In 1,000 infections treated with streptomycin and reported by the Com- 
mittee on Chemotherapeutics and Other Agents of the National Research 
Council (G) there were fifty-three patients with peritonitis. In this report 


rt St. • CboloofulMittlltl*. 



Fig. 72. Pem'cjllm therapy over a period of3 5 days failed to prevent an acute 
exacerbation of hepatocholangitis. When strcptomxcin was given m addition to 
penicillin, acute exacerbations did not occur, and the temperature became normal 
aftcr4 days of combined therapy 

attention w'as directed to the difficulty in evaluating the effectiveness of a 
therapeutic agent m a disease which had so many variabilities concerned 
ivith recovery from the infection The greatest single cause of peritonitis 
in this group of patients was appendicitis, there were twenty-three patients 
with appendiceal peritonitis. Of these twenty-three patients treated with 
streptomycin, nineteen survived 

Murphy, Ravdm, and Zintel (7) found that systemically administered 
streptomycin mcreased the survival rate of dogs in which peritonitis had 
been produced experimentally. Silvani, Rothenberg, Warmer, Amluxen, 
and JlcCorkle (8) did not feel that streptomycin was effective m the treat- 
ment of experimental peritonitis even though their two treated groups of 
animals lived an average of 92 and 75 houm as compared to the average 
length of survival of only 39 hours for the untreated control groups of an- 
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imals. In studies of experimental intestinal strangulation in dogs, Blain 
and Kennedy (9) found that the dogs treated with massive doses of peni- 
cillin survived 50 to 100 hours as compared to an average survival time of 
30 hours for the untreated animals. Davis ct. al. (10) found that 100 per 
cent of rabbits treated with very large do&cs of streptomycin survived ex- 
perimental strangulation of the bowel, whereas all of untreated animals 
died. 

On the basis of the experimental studies cited, it would appear that strep- 
tomycin docs have some beneficial effect Ui the treatment of experimental 
peritonitis, even though the effect in &omc experiments was not very strik- 
ing. In each of these animal exi>crimcnts, cither a greater number of the 
treated animals survived or the average survival time of the trcatcil groupg 
was greater than in the untreated groups- 



The largest reported clinical experience with the use of streptomycin in 
the treatment of peritonitis ia that of Pulasici, Seeley, and Matthews (11). 
These investigators have analyzed the results of antibiotic therapy in sixty- 
throe patients to whom streptomycin was administered for the treatment 
of peritonitis. Twenty-one of these patients received streptomycin alone, 
and forty-two received streptomycin and penicillin. Kecovery was thought 
to be more smooth and more rapid when the corabmation of antibiotics 
was used. Resolution of clinical evidences of peritoneal suppuration in the 
streptomycin-treated patients was of approximately the same pattern as 
was seen in the patients receiving in excess of 800,000 units of penicillin a 
day. Consistently beneficial effects were not observed with streptomycin 
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alone when this antibiotic was administered in total daily doses of 2.0 gm 
or less. In the experience of these investigators, the patients uho re- 
ceived a total daily dose of 3 0 gm of streptomycin or a combination of 
2.5 gni of streptomycin and 480,000 units of penicillin daily bad the most 
satisfactoo* postoperative convalescence. They concluded that although 
streptomycin is not a panacea, yet it has a valuable place in the treatment 
of peritonitis. 

Zintcl and Zinsser (12) compared the relative cffectivenc^s of streptomj’- 
cin, penicillin, and a combination of penicillin and streptomycin in the 
treatment of experimental peritonitis. In a control group of thirty dogs 
in which peritonitis was produced, only one dog surxdvod the 10-day pe- 
riod of observation. Of fifteen dogs treated with streptomycin alone, four, 
or 27 per cent, of the animals surxived the 10-day period of obserx'ation. 
With combined penicillin and streptomycin therapy, twelve of twenty dogs, 
nr 60 per cent, survived, and with penicillin therapy alone, ten of fifteen 
dogs, or CG per cent, survived a similar period of obserx-ation. The per- 
centage of survivals with penicillin therapy alone was not significantly dif- 
ferent from the percentage of survivals xvith combined penicillin and strep- 
tomycin therapy. Penicillin alone resulted in a survival rate which was 
twice that obsen'od with streptomycin alone. 

On the basis of clinical and e.vpcrimentaJ ob^e^vatio^s it would appear 
that massive doses of penicillin are effective in the treatment of peritonitis. 
/VJthough streptomycin is effective in the treatment of peritonitis, appar- 
ently it is less effective or no more effective than ma4>5ive doses of penicil- 
lin Addition of streptomycin to massive doses of penicillin in the therapy 
of peritonitis has not, m clinical or c.\perimcntal studies, shown a greater 
degree of protection than would be expected if massive doses of penicillin 
alone were administered 

.Vlthough the usefulness of streptomycin in conjunction with penicillin 
therapy has not been demonstrated either clinically or experimentally in 
the treatment of peritonitis, it has been our practice to use both antibiotics, 
in the treatment of clinical penlonitis. We have continued to Use the 
combmation of antibiotics for two reasons: first, it is always possible that 
the bacterial organisms in the pentoncal cavity of an individual patient 
might not be sensitive to penicillin even in massive doses; second, on the 
basis of the obsen-ations of Carpenter ei al. (13) it would appear tliat in- 
creased bacterial resistance to antibacterial agents is less hkeh' to occur if 
several antibacterial agents are used simultaneously. In addition to oper- 
ation when mdicated ami to supportive methods of therapy, it has been 
our practice to treat patients wnth peritonitis with approximately 1,000,000 
units of penicillin and either 1.0 or 20 gm of streptomycin tlaily Pa- 
tients so treated have usually responded satisfactorily. 
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OlUL AD.MINISTR.mOX OP STUBPTO.MVnX 
Streptomycin ndininistcrod omlly is not al>>orI>cd in any ajipreciable 
amount from t)jo gnstnHn)t'.''ti«ol tmrt, ;i»mI H is effective in reducing 
the number of viable bacteria in the fe<*es. Oral streptomycin is used 
prophylaclically in j)atients Mho are lo have dwtive Mirgcjy of the largo 
boMel (II). In a limited number of p.atientsuhom U'o have studied, strep- 
tomycin was more effective in it*(hicing the total number of viable organ- 
isms of the cohform, S.Jaccalis, mid clostridial groups than ivas suJfasu.\i- 
dino or sulfathaladinc. The 2 >atienls studied were without evidences of 
intestinal obstruction. Tliey received a lou-iesidne diet and no enemas or 
laxatives during the period of obscr\'ation. In most of these p,iticnls the 
nmimum antibacterial effect ivas acliievwl in about 8 clays of therapy, 
regardless of whether stieptomycin or the sulfonamides wcio Used. The 
incidence of initiaJJj' teaintant orQuniams or organisms that became resis- 
tant (luring the period of observation was approKimalely the wme for the 
three antibacterial agents used. Uowc cl al. (15) have also noted the bene- 
ficial effect of oral streptomycin, but in their experience a number of the 
organisms m the feces rapidly developed resistance to tlie effect of slreplo- 
mycin. They suggested tliat patients be prepared for operation by ad- 
ministering sulfasuxidinc 5 days before operation and then by adding 
streptomycin tlierapy 3 days before the intended openation. 

Streptomycin cun be taken orally in any liquid food. A daily dose of 
J 0 gm is apparentlj' sufficient. A dose of one-quarter gm is administeied 
four times a day. It should be romcnibered that sidfasu-vidinc. sulfalhah- 
dinc, or streptom}’cin way reduce the amount of vitamin K avaihihle !rom 
liucterial synthesis to any given patient. There is no evidence that strepto- 
mycin or the sulfonamides cause on inability of absorption of vitamin K on 
the part of patients receiving this vitamin cither in their food orm a purified 
form. If an adequate amount of vitamin K is available to the patient 
either in the diet or in a supplementary fonn, there should be no evidence 
of a vitamin K deficiency lesultiiig from sulfonamide or streptomycin 
therapy. 
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PllEVENTlON OF \YOtIND INFECTION 


A solution of streptomycin of the proper conccntnilion can be injected 
into tissues surrounding wounds or can be swabbed oJi wounds to reduce 
bacterial contamination without interfering witli healing, because the bac- 
tericidal concentration of the drug is less than that which kills freshly in- 
jured tissues. Further, because streptomycin dcstroj'S bacteria not killed 
by penicillin or the sulfonamides, a combination with either ono cross-fires 
at the mixed bacterial flora of wounds and Ks elTcetive against all but a few 
resistant strains Hence, streptomycin mixtures should be used to prevent 
development of infection in contaminated wounds. These facts were 
first demonstrated in the experimental animal and later evaluated clini- 
cally by statistical methods. Veterinarians have already used streptomy- 
cin by local injection for treatment of wounds in animals. 

The demonstration that a mixture of streptomycin w’ith other antibac- 
terials prevents infections in wounds suggests that at last an effective 
“subcutaneous” antiseptic is at liand and that a new era of surgery has 
been entered. 

Since Lister’s time, a substance that would kill bacteria and not inter- 
fere with healing has been sought. Until the introduction of the sulfon- 
amides, antiseptics killed both bacteria and the tissues, and wounds failed 
to heal. Hence, antiseptics were never used in the treatment of wounds, 
except to clean the surrounding skin. Instead, infection was prevented m 
operative wounds by freeing the hands, instruments, and linens of bac- 
teria and, in the case of traumatic wounds, by cutting away the injured 
tissues with their content of bacteria and foreign bodies The wound 
ivas then irrigated ivith saline. Strangely, antiseptics have always been 
used, however, for the treatment of cuts and bruises, although the physio- 
logical principles governing the treatment of cuts and bruises do not differ 
from those governing the treatment of larger wounds. But the hysteria to 
do something drastic and the insistence of First Aid Manuals impel the acci- 
dentally wounded, or those in attendance, to pour highly colored antisep- 
tics into traumatic wounds instead of wasliing them with running water 
and thus removing surface bacteria. 
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Shortly after the sulfonamides were introduced and the demonstration 
was made that they would not interfere with the growth of cells in tissue cul- 
ture, it was optimistically believed that here finally was the ideal subcutan- 
cousantiseptic. There were many reasons why these high hopes were not 
justified. Sulfanilamide, sulfathiazolc, and sulfadiazine A\ere only bacte- 
riostatic and therefore could not kill bacteria promptly; blood interfered 
with their action; and they affected only gram-positive cocci. Further, 
it was forgotten that only in certain concentrations were these substances 
uoulethal to cells. Thus when powders of these sulfonamides were put in 
wounds to dissolve, the more soluble sulfanilamide and sulfathiazole cre- 
ated too great a concentration locally, and the large undissolvcd portion 
of the less soluble sulfadiazine acted as a foreign bod^' residue. 

Later, penicillm also failed as the ideal subcutaneous antiseptic, not 
because of cell toxicity or lack of bactericidal power in the presence of blood, 
but because it destroyed only gram-positive cocci and was, in turn, ren- 
dered useless by persisting gram-negative bacilli. How this came to be 
understood is of interest. .^Vfter the demonstration by Florey and Cairns 

(1) that topical application of penicillin would not hasten the resolution of 
established infection in wounds, the reason for tills failure was sought. 
Penicillinase, a potent substance that destroyed penicillin, was found to 
be elaborated by and was finally isolated from the gram-negative bacilli 

(2) E. coli, Ps. afru(;i«osa and Fr. eu/goris, which invariably came to in- 
habit the pus of infected wounds as contaminants of fecal origin, and with 
enormous capacities to spread, elaborated tbepenicillin inhibitor and, incon- 
sequence, they were not destroyed by penicillin (3). For this reason, the 
best way to rid the w ound of iieoicillinasc seemed to be to destroy the gram- 
ncgativc bacilli by using with penicillin another antibacterial that would 
be more or less specific for these organisms 

Until this conclusion was reached, however, the need for an antibacte- 
rial that would destroy only gram-negative bacilli had received little at- 
tention In the “antiseptic era,” antiseptics theoretically destroyed the 
gram-negative bacilli as well as all others. But urologists who paid more 
attention to the significance of this group of bacteria 2iad found these 
organisms difficult to destroy by any means Later, when the sulfonamides 
were widely used, there seemed little reason to seek an adjunct antibac- 
terial substance to kill the gram-ncgativc bacilli, because failures were attri- 
buted to para-aminobciizoic acid (4) rather than to bacterial infection. 

Moreover, whether the gram-negative bacilli were harmful or were 
simply sccoiidarj' grow ers m pus had often been discussed. It was pomted 
out that gram-negative bacilli dommated the flora of pus only in the later 
stages, and despite their presence, granulations grew abundantly and con- 
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traction of tiic wound took place (5). Besides, in areas like the perineum 
where these bacilli arc always abundoDt, excellent healing of wounds oc- 
curred, and this excellent healing was pointed to as further evidence that 
the bacilli did no harm. Some even believed, and still believe, that an 
enzyme secreted by the gram-negative bacilli iielps to liquefy slough, that 
the discharge of pus ceases as soon as slough is liquefied, and that excel- 
lent healing occurs thereafter, although gram-negative bacilli are still pres- 
ent. Schmidt cl aL (0), however, have demonstrated that only one or 
two of the least common variety of gram-negative bacilli secrete a coilagen- 
ase, and therefore, if hastening of liquefaction is a reality, abundance of 
pus must be responsible for the enzymes. 

The opponent? of the thesis of the benignity of gram-negative bacilli 
point out, on the other hand, that the profuse discharge produced m re- 
sponse to these organisms depletes the patient’s scrum protein, prevents the 
spread of growing skin grafts, and even liquefies successfully transplanted 
grafts (7), They emphasize also that gram-negative infections do not 
clear up in tissues like bone, whicli do not liquefy readily. Lastly, ft must 
be admitted that the exudative phase of healing of the perineal wound 
might bo shorter if the gram-negative bacilli were not picscnt 

Thus the finding that the gram-negative bacilli inactivate penicillin 
crystallized the need for an antibacterial capable of destroying them 
without destroying tissues not because they themselves were harmful 
but because the gmm-negalivo bacilli influenced infection and the heal- 
ing of tissues by encouraging the return of secondary invaders. 

This need was not easily filled, however. Before the isolation of strep- 
tomycin by IVaksman (8), no satisfactoiy substance «as available to kill 
the gram-negative bacilli. Acetic acid, thought to bo specific, only decol- 
orized them All the common antiseptics except paracUorophenoI failed, 
and this substance was found to be toxic to freshly injured tissues, though 
not to granulations. An antibiotic exhibiting low cell toxicity was diffi- 
cult to find because the metabolism of the gram-negative bacilli closely 
resembles that of the cells (9) Stieptotliricin, first isolated by Waksman 
(10), was definitely toxic. 

Streptomycin in a concentration of 200 units/ml is nontoxic to fresh 
growing cells and is bactericidal. Tliis concentration was, of course, se- 
lected by experimentation, by chosing a unitage that would kill bacteria 
promptly and yet not kill tissues. Although only the bactericidal activity 
of this concentration is shown in comparison to other antibacterials, in 
the discussion the tissue toxicity tests used to select the proper concen- 
tration arc described more completely because this phase of the problem is 
too often neglected. 
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I^BORATORY TeSTS 
In vitro tests of bactericidal activity 

For effective local chemotherapy, antibacterial substances should pos- 
sess prompt bactericidal activity in the presence of blood and pus. 

To find how short a contact was necessary to kill various bacteria, the 
filter paper, blood agar-plate method of testing antiseptics was adopted. 
A 24-hour culture of the particular bacteria to be investigated was 
streaked on a blood-agar plate, which was incubated for 3 hours. Then a 
piece of filter paper, dipped in the solution of antibacterial substance, was 
placed on the agar for 10 minutes. This contact time was selected as rep- 
resenting the extreme limit of “prompt action.” The control area was 
treated with filter paper soaked in saline or was merely overlaid with filter 
paper. The plate was then incubated for 24 hours. 

Bacteria grew abundantly over the control area and over the rest of the 
plate where there was no antibacterial substance; but where the treated 
filter paper was in contact with the plate and immediately surrounding 
this area, no growth appeared, the agar remaining clear. This clear zone 
varied considerably in extent. Apparently, the variations could be attrib- 
uted to the sensitivity of the bacteria, because the duration of contact 
and the concentration of the antibacterial substance w'cre constant in 
each test (fig. 74). 

The bactericidal activity of 200 units of streptomycin per milliliter as 
determined by this method is shoum in table 66. It should be noted 
that not only gram-negative bacilli but some gram-positive bacteria were 
killed as well. 

For comparison, the effect of 200 units of calcium penicillin is shown in 
table 67. Here the bactericidal activity is limited sharply to the gram- 
positive group 

In table 68 the bactericidal activity of a combination of streptomycin, 
200 units per milliliter, and 5 per cent sulfamylon is shown. This com- 
bination has a wide bacterial spectrum and therefore encounters few re- 
sistant organisms. 

These tests show that streptomycin promptly kills bacteria in the pres- 
ence of blood and that, in addition to killing gram-negative bacilli, it de- 
stroys a different group of gram-positive bacteria from those affected by 
penicillin Further, when streptomycin is combined with an antibacterial 
like sulfamylon, the mixture has a very wide range of bactericidal activity 
and encounters few resistant oiganisms. The sulfamylon combination 
is stable and therefore preferable to the similar mixture with penicillin. 
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TABLE 06 

Bactericidal activity of streptomycin, 300 Mg/ml, lO-minute contact 


DATE or TEST 

STIAIK Of DACTEIIA 

iNiuBinoN or 
ctouTu or 

BACTEtlA IK AKEA ; 
CONTACTED BV PAPEK | 

INUIBITIOV 20VE 
ADOVT THIS AREA 

May 17, 1645 

£*. cuh 

+ + + + 

+ + 

June 12, 1945 

E. coh 

+ ++ + 

+ + 

June 22, 1915 

E. coli 

+ + + + 

+ 

June 13, 1945 

Pr. tulgaris 

+ + + + 1 

+ 

June 22, 1945 | 

Pr vulgaris 

+ + + + 

+ 

May 17, 1945 

Pr. vulgaris 

+ + + + 

+ + + + 

June 12, 1945 1 

Staphylococcus (coagulasc 
positive) 

+ + + + 

+ + 

June 22, 1945 

Stnphylococcu-'* (co-aRuhLsc 
positive) 

+ + + + 

' + + + + 

June 12. 1945 

B. pyocyaneus 

++4-* 

0 

Juno 22, 1945 

B. pyocyaneus 

+ + + * 

0 

May 17, 1945 

B. pyocyaneus 

++t 

1 0 

Oct 10, W15 

S. hemolyticus 

0 

0 

Oct. 10 , 1315 

Green streptococcus 

0 

0 


• Spread in from edges 
t Overgrown in 36 hours. 


TABLE 67 


Bactertcidal acltvtly of calctum penicillin, 200 Mg/wl, lO^minute contact 


Date or test 1 

May 21, 1945 ^ 

STBAIK or bacteria 

lEBlBITlOKOr 
ciowm or 

BACTEUA IK area 
CONTACTED BV PAfEB 

ISBlBinOK EONS 
ABOUT TBIS AREA 


Staphylococcus (|>enici11in- 
rcsistant s(raiii) i 

1 + 

0 

May 24, 1945 

1 Staphj’lococcus 

1 + + + + 

+ + ++ + 

June I, 1945 

Staphylococcu^ 

1 ++++ 1 

+ ++ + 

June 1, 1945 

Staphylococcus (penicillin- 
resistant strain) 

1 0 

1 

0 

Aug. 14, 1945 

E colt 

0 

0 

Aug. 14, 1945 

Pr vulgaris 

1 * 

0 

Aug. 14, 1945 

Ps. aeruginosa i 

0 j 

0 

Aug. 14, 1945 

Ps aeruginosa 

1 

1 » 


Tissue toxicity tests 

Streptomycin in various concentrations was tested for toxicity against 
cells, growing in tissue culture, on rabbits for the amount of irritation 
caused to the conjunctiva of the eye, for its capacity to damage subcuta- 
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noous blood vessels, for its capacity to destroy muscle on injection, to cause 
peritoneal adhesions, and to influence the rate of healing of a ^\ound on 
the ear, 

TISSUE CULTURE TEsTS 

In these tests, the concentration of streptomycin was kept constant 
throughout and the substance w;is continuously in contact with cells, a 
severe test of toxicity. In the method employed, previously described 
by Simms (1 1), adult cells that possess dilTcrent growth requirements from 
tho.se of embryonal cells A\erc used. 

Epithelial colls and fibroblasts from adult animals were incubated in 
serum ultrafiltrate to keep them alive. Then they were transposed to 

TABLE 6S 


Bactericidal actn ily of a combination of streptomycin, 400 
salfamyhn, S per cent, and sodium bemoote, 0.S per cent 


SAXE or TEST 

1 

sTiAis or bacteua 

IVSIAITIOS or 

1 ctowTS or 

' BACnUA tv AX£A 

1 COSTACnS SY rATXS 

1 p.'suno't ro<x 

AMCT ms AIZA 

M^y 23, 1'Jlo 

j Sl.u'h>loeoccvis 

, -l-+-h + 


June 12, 1013 

1 Stnpli^lococcus 

, +4-4--)- 

1 

++++ 

June 12, 1043 

' ^jtuph^Iococcus 

4-4- 4- 4- 

! ++++ 

June 1, 1043 

1 .Staph) locuccua 

+4-+4- 

I ■h+ 

June 1 , 1945 

Staphylococcus 

j 4-4-i"i- 

++ 

Maj 17, 1045 

Stiphylocnccus and E celt 

1 4-4-4'4- 

+ + 

June 12, 1045 

£ coh 

4- 4- 4- 4- 

+ + 

June 24, 1043 

£ coll 

4-4- 4- 4- 

++ 

Juno 13, 1945 

£r iiilgans 

4-4-4-+ , 

++ 

June 22, 1945 

pr mf^aria 

++++ 

+ 

June 12, 1945 

ps aeruginosa 

++++ 

+ 

June 22, 1945 

Ps aeruginosa 

++++ 

+ 

Oct 10, 1945 

S 

+++ + 

+++ 

Oct 10. 1945 

Green streptococcus 

++++ 

+ 


chicken plasma to grow, and streptomycin in various concentrations was 
added \Mien the concentration was toxic, the cells failed to grow or grew 
poorly. A concentration of 200 units/ml was found to be mildly inhibi- 
tory; 100 units/ml was inert The combination irith sulfamylon was 
toxic. 

Eye tests. These tests indicated the concentration of agent that uould 
irritate the delicate tissues of the conmjunctiva Vasodilatation, edema, 
and exudate were produced Contact with the tissues was short, and 
some dilution occurred. 
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Two or tliree drops of solution wcro placed in one eye of tlie rabbit, and 
a similar amount of saline was put in the opjK>site eye. The immediate 
reaction of blood vessels and their condition 30 minutes later ^vere noted. 
The state of tlio blood vessels and the amount of edema were observed 24 
hours afterward. 

Sometimes even sahne caused immediate injection of the blood vessels. 
Except for those ticatcd with calcium penicillin, 200 units/ml, and the 


A 


C 


• B 

Fig. 74. Bacteriocidal activity of (a) sodium sultadiazincj (b) streptomycin, (cj 
sultamyloa plus streptomycin. 

mixture of streptomycin, 200 units, and sulfamylon, 5 per cent, all treated 
coujmvctivae had returned to their normal appearance at the end of J 
hour. Streptomycin alone, 200 units/ml, did not affect the cornea. After 
24 hours, all tests were negative 

illuscic injections. The injections were made to indicate the capacity 
of agents to cause inflammatory reaction and fibrosis in muscle In these 
tests, the substance was in contact with the tissues between the time of 
injection and the dilution and absorption of the agent. 



474 


CLINICAL 


ncDUS blood vessels, for its capacity to destroy muscle on injection, to cause 
peritoneal adhesions, and to influence the rate of healing of a uound on 
the car. 

TISSUE CULTUllK TESTS 

In these tesla, the concentration of streptomycin uas kept constant 
throughout and the substance was continuously in contact with cells, a 
severe lest of toxicity. In the method employed, previously dobcribcd 
by Simms (1 1 }, adult ccll.s that possess different growth requirements from 
tho.'iC of embryonal cells were used. 

Epithelial cells and tibroblasts fiom adult animals were incubated m 
serum ultrafiltrate to keep them alive. Then they were transposed to 

TABLE 08 


Baclerictdai aclivily of a comlnnation of alreptomi/cin, 200 ttgl'nl, 
sul/amylon, S per cent, and eodium bemoale, 0.5 per cent 


1 

DATE or TEST 

1 StEAlH or BACTCIU 

is’Hismos or 

1 cicj^tb or 

I SACnUA JK AllA 
comactu by rATEI 

IVKJBlTlOS tO'JE 
ASOCT TBIl AEtA 

.M.ty 25, l'J4S ; 

1 Sta])li>l<>coccus 

+ + + -I- 

+ + 

June 12,1015 1 

1 StajiUjlncyccus 

-J- + + + 

-4-+++ 

June 12, l'H5 1 

2jtapli>U>coccu5 

+ + + + 

+ ^ + + 

June 1, 1045 j 

1 Slaphyb.xjoccu.'. 


+ + 

Jum- 1, 1045 i 

Staphylococcus 

++++ 

-!■+ 

,M.»> 17, 1045 

Staph) lococcus and ^ cob 

+-}-++ 

+•+ 

June 12, 1945 | 

K cull 


++ 

June 24, 1943 1 

E coll 

++++ 

++ 

June 13, 1945 1 

Pr vulgaris 

-!•+++ 

++ 

June 22, 1045 

Pr vulgaris 

++++ 


June 12, 1945 

Ps aeruginosa 

+++-)- 


June 22, 1945 

Ps oeriiginvstt | 

+4-+-J- 

-h 

Oct 19, 1945 

S fiemolr/lirua 1 

++4-1- 

+-i-+ 

Oct lO. 1945 1 

Green streptococcus 1 

4-++4* 

+ 


chicken plasma to grow, and streptomycin in various concentrations was 
added When the concentration was toxic, the cells failed to grow or grew 
poorly. A concentration of 200 unils/ml was found to bo mildly inhibi- 
tory; 100 units/ml was inert. The combination mth sulfamylon was 

toxic. , 

Eye tests. These tests indicated the concentration of agent that wouia 
irritate the delicate tissues of the conmiunctiva. Vasodilatation, edema, 
and exudate were produced. Contact with the tissues ivas short, and 
some dilution occurred. 
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was free of exudation and had bright red granulations at the proper level 
to allow the next epithelium to extend across. Delayed healing prolonged 
the index beyond 7.5 days, and correspondingly, the appearance of the 
granulations deviated from average. The best index obtained was 5.0 
days. 

xV concentration of 400 units of streptomycin per cubic centimeter of 
base definitely slowed the rate of healing — index 8.5. On the other hand, 
200 units gave an index of 0.4, and 200 units with 5 per cent sulfamylon 
gave an index of 5.7. With 1 ,000 units of penicillin and 200 units of strep- 
tomycin per milliliter, the index was 7.3. In other words, 200 units of 
streptomycin alone or in combination with penicillin or 5 per cent sulfa- 
mylon was demonstrated to be innocuous to healing tissues. Since these 
concentrations were bactericidal, it at once suggested that the combina- 
tion with sulfamylon should be an ideal subcutaneous antiseptic. 

Preveniion of infection in experimental wounds 

To prove that the streptomycin-sulfamylon combination would prevent 
infection in wounds, a method previously devised of producing 100 per 
cent infected wounds in experimental animals was employed. Failure to 
cure these infections by treatment with other agents has been reported 
elsewhere (12). The wounds were made as follows: Under anesthesia, a 
defect 3 cm. square was cut in the skin of the back of the rabbit just lat- 
eral to the spinal column. The loose subcutaneous tissues and fascia 
were excised, and the underlying muscle was vigorously crushed with a 
Kochcr clamp. The wound was then contaminated wth bacteria in floor 
dirt or with a 24-hour broth culture of a specific bacterium. 

One group of wounds was treated with streptomycin and sulfamylon 
immediately after contamination; a second group, 3 hours after contam- 
ination; and a third group, after an interval of 12 hours. 

The treated wounds were w'ashed with the combination of streptomycin 
and sulfamylon without debriding the crushed tissue and then 15 to 20 
ml was injected in the tissues about the wound. The wound was covered 
uith vaselincd gauze, and a protective dressing and jacket was applied to 
the animal. The control wounds received no treatment except vaselmed 
gauze. 

xVll wounds were inspected 4 days after infliction to determine whether 
infection had occurred. The amount of exudate and the appearance of 
the tissues were noted. Color photographs were taken of the wound to 
record the character of the healing. To determine the quantity of bac- 
terial contamination, a cotton swab ^vas saturated with secretions from the 
wound and smeared on a blood-agar plate, which was incubated for 24 
hours. X similar swab was also smeared directly on a glass slide and given 
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Five to 10 cc of the various antibacterial substances at different concen- 
trations were injected in the muscles of one hind leg of the rabbit. To 
eliminate error in locating the site later, the needle was inserted anteriorly 
to the bone at a definite distance above the knee joint. In the opposite 
leg, the same amount of saline was injected. The animals were killed 24 
and 48 hours later, and the tissues were examined grossly and microscopi- 
cally. 

Calcium penicillin, 200 units/ml, produced some slight edema and exu- 
dation for the first 24 hours; thereafter, no reaction was observed. Strep- 
tomycin, 200 units, and sulfamylon, 5 per cent, individually produced a 
reaction comparable to that of calcium penicillin. The mixture of strep- 
tomycin, 200 units, and sulfamylon, 5 per cent, produced no more edema or 
leucocytosis than did the single substances. After 24 hours no unusual 
tissue reactions were observed. 

INSTILLATION IN PERITONEAL CAVITV 

Twenty cubic centimeters of calcium penicillin, 200 units; sul/amyJon, 
5 per cent; streptomycin, 200 units; and a combination of the last two were 
injected into the peritoneal cavity of the rabbit to determine whether they 
ivould cause adhesions. The cavities were e.vamined JO days later and 
were found to be free of adhesions. 

INFLUENCE ON RATE OF HEALING 

To estimate the influence of the concentration of streptomycin on the 
character and the length of the exudative phase of healing of an open wound 
and on the rate of regeneration of new tissues thereafter, the wound was 
treated by two methods: first, the antibiotic was applied in a base, second, 
it was applied in solution for a time and then the wound was dressed with 
a base to prevent drying. This base*, cholesterised petrolatum, had been 
previously determined to be innocuous both to freshly injured and to 
granulation tissues 

The w'ound ivas made on the ear of a rabbit, leaving a small island of 
skin at the center The wound was photographed every day, and the 
photograph was projected and a tracing made. From these tracings, 
growth of the island w'as recorded JSxudation, the character of the gran- 
ulations, and the time when the island began to grow were noted. 

To express the rate of healing, an index was calculated in terms of the 
number of days required for the exudative period and to produce a definite 
amount of new tissue The average index w’as 7.5 days, meaning that 3.5 
days was required for the exudative period and an additional 4 days was 
required to regenerate 2 mm of new epithelium A wound W’lth this index 

‘(Amerchol) 
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a Gram stam. The character of the exudate and the number of bacteria 
present were noted. 

Subsequent to the first dressing, both the wounds that had become in- 
fected and those that had not were treated every other day by swabbing 
the surface with the combination of streptomycin and sulfamylon to deter- 
mine whether a rapid resolution of the established localized mfection could 
be brought about or whether the protection against infection contmued. 

Five wounds trea.tcd with the mixture of streptonjycin and sulf3m3‘lon 
immediately after contamination remained free of infection. Five wounds 
not treated, filled with pus (table CD). Grossly, the tissues of (he non- 
treated wounds were gray, necrotic, and swollen (fig. 75). The tissues of 
the treated wounds showed no evidence of mfection; they were bright red, 
and the crushed tissue had disappeared (fig. 76). A small amount of clear 
fluid ivas present. Direct smears from the infected wounds showed that 
every leucocyte contained bacteria, and there were many extracellular 
microorganisms as well. Smears from the treated wounds showed numer- 
ous leucocytes, but only an occasional one contained bacteria, and none 
were extracellular. Blood plates taken from the untreated wounds showed 
heavy concentrations of bacteria (fig. 77). Those taken from the treated 
wounds on the contrao’, showed only occasional colonies of bacteria or no 
growth (figs. 78 and 79). 

Moreover, when mfection was prevented, the wounds remained unin- 
fected, regardless of subsequent treatment. The granulations continued 
to be bright red. Contracture of (he surrounding tissues and regeneia- 
tion of new tissues took place rapidly. Figure SO shows such a wound al- 
most healed on the 15th day. Also, additional treatment of the infected 
wounds did not cause rapid resolution, even though the bacteria remained 
susceptible to the antibacterial agent. Figure 81 shows that in the in- 
fected wounds contraction took place although pus and slough were still 
pre.^nt. 

In contrast to the success obtained with immediate treatment, infec- 
tion occurred in the group of five wounds treated 3 hours after contamina- 
tion- Four of these were grossly purulent; the other did not have frank 
pus but contained considerable fluid. The blood plate from this as well 
as those from the other four showed characteristic dense growths of bactena. 
Typical results are shown m table 69. 

Again, the bacteria recovered from these wounds remained susceptible 
to the action of the combination and hence, their acquired resistance would 
not account for the failure to prex'ent mfection. Blood smears taken Irom 
the wounds just before they w'ere treated, that is, 3 hours after contamina- 
tion showed that actually fewer bacteria were present on their surfaces at 
the time of treatment than when th^ xvere first contaminated. Varia- 
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tion in penetration would not seem to offer a logical explanation for the 
failure because the mixture of antibacterials was injected in both instances. 
In an attempt to find an c.xpIanation, biopsies were taken of the tissues 
about the wound. It was obscr\’ed that many leucocytes had invaded 
the tissues at the end of 3 hours and already contained many bacteria. 

The combination also faded to picvent infection from developing wlien 
given 12 houi'i> after eontaminatiou. The bacteria remained susceptible 
to the action of the combination of streptomycin and sulfamylon, although 
they had definitely increased in numbers. Again, biopsy of the tissues 
showed many leucocytes which contained bacteria. 

Lastly, .one of the 3-hour wounds and one of the 12-hour wounds were 



Fig. so E^per^^Iental wound almost hcalod on the 15th day 

Fig 81 Infected e\perin)rnt.al wound showing contraction in the presence of pus 
and slough 

treated by debridement and then irrigated and injected with the combi- 
nation of streptomycin and sulfamylon. Infection was pre%'ented in both 
wounds. A 12-hour wound debrided but not tieated became infected. 

With no pronounced increase m the number of bacteria m the wound, 
with the bacteria remaining susceptible to the action of stroplomycm- 
sulfamylon, and with the amount of traumatized tissue unchanged, some 
other reason must be offered to explain why infection was not prevented 
when the wound was treated 3 or more hours after injiuy. The possibility 
that the microorganisms were deeper in the tissues seems untenable be- 
cause the solution was injected. For the same reason, deposition of fibrin, 
preventing diffusion of the solution, docs not seem to offer a plausible 
explanation. Similarly, dilution by edema fluid below the bactericidal 
concentration does not provide a logical answ er because an e.\cessive amount 
of solution was used. 
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The best explanation seems to be tliat the bacteria were no longer ev 
tracelliilar and, therefoie, the solution failed to make contact with them. 
Phagocytosis placed these bacteria within the leucocytes. Both Wnght 
(13) and Flemming (14) showed that ingestion of bacteria by leucocytes 
didnot necess;irily destroy them. In fact, they made cultures from washed 
leucocytes and grew the contained bacteria. Further, Flemming belie\es 
that leucocytes wandering to the surface of wounds die, and undoubtedly 
they arc killed in many ways. Thus if the leucocyte disintegrates before 
the bacteria are destroyed, then the microrganisms may be free to contam- 
inate the wound again. If, therefore, phagocytized bacteria are to 
be destroyed, citlier the antibacterial substance must penetrate the leu- 
cocyte or it must be present in a bactericidal concentration when the 
bacteria escape from the leucocyte. Both conditions arc difficult to 
accomplish. 

The 3-hour period was selected at random. Consequently, no state- 
ment can be made as to whether the combination of streptomycin and sul- 
famylon would fail if used within this inter\'al. Similarly, nothing can be 
said about the effects of delayed use beyond the 12-hour period, for then 
new difficulties arc added. Phagocytosis continues, the number of bac- 
teria increases, and the bacteria begin to invade tissues and cause necrosis, 
Necrotic tissue not only shields the bacteria from the action of the antibac- 
terial substance but also provides ready nutrition for the injured microor- 
ganisms Kirby, Dull, Fulton, and Zintel (15) have lecently confirmed 
that the use of streptomycin m c.vpcnmental wounds prevents infection. 

Pkevextio.v of I.nfectio.n' IN' CuNic.iL Wounds 

With this thorough laboratory background on the efficacy and the lim- 
itations of streptomycin in the prevention of wound infection, clinical 
trials were begun To dchinit the problem, only clean-contaminated op- 
erative wounds were treated The clean contaminated wound is made clean 
but becomes cont.ammatcd with bacteria during the operation either from 
the opening viscera or from purulent collections. In other words, the 
clean-contaminated w ound provides nearly ideal conditions to prove that 
the wound can be decontaminated bj' chemotherapeutic means. The 
mixtuic of streptomycin and sulfamylou was used because of its better 
range of bactericidal activity Blood plates made before and after treat- 
ment of the wound showed tliat many colonies of E. coli were still present, 
but they were always very much smaller in size if a 10 minute contact was 
obtained. With the Staphylococcus the colonies w ere always reduced in 
number, and were also reduced in size The traditional method of swabbing 
the wound without injecting the solution into the surrounding tissues, was 
adhered to. As much as 200 ml has been put into the peritoneal cavity at 
one time without ill effect 
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In 477 wounds treated in this nrauncr, not a single untoward eflect lias 
been encountered. Nogeneraidrugrcaction lias been observed, nor have 
any complications of healing been noted tliat could bo attributed to use 
of the solution. In other words use of the «)lution in the uound ap- 
pears to bo harmless. 

The percentage of infection in this series was 1.3 per cent (table 70). In 
contrast, Mcleney (10) found that in the years 1938-1941 tlie percentage 
of infections developing in clean-contaminated wounds without general 
sulfonamide or antibiotic therapy varied from 8-0.2 per cent at Presby- 
terian Hospital in NewYorkCHy (table71). During this time the paren- 

TABLK 70 


iVcceftOoH of u'ounii infcelion tn uuim'ts 

treated with atTeplomyetn-i.ulfamyton mixture 
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' Largo boftol failure— pus came from Oniinagc tract 
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tcral use of first the sulfonamides and then pemcilhn was. introduced but if 
the sevenfold reduction in incidence of infection in this type of wound was 
caused by the combined parenteral use of pcuiciUin and local treatment 
with streptomycin and sulfamylon, then this is an important gam. 
Meleney’s amalysis of alarge number of infections m traumatic wounds, 
allowed that neither parenteral administration of the sulfonamides or 
penicillin reduced the incidence (16) Unfortunately, no statistics are avail- 
able for the ineidencG of infection in clean-contarainated wounds ti cated by 
penicillin alone Hence, it is impossible to tell whether puienteral theiapy 
with penicillin alone, local use of the solution of streptomycin uiul sulfa- 
myioQ, or the combination of the two can be given cicifit The sigiuhcaut 
fact IS the marked reduction in the incidence of infection since paicnteud 
aniihiotic.s and the combination of streptomycin and sulfamylon hare been 
Um‘v 1 locally. 

One hundred and eighty-five traumatic wounds hare been treated with 
the combination of streptomycin and sulfamylon solution, used in the 
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wound and to clean the surrounding skin, as the only means of decontam- 
ination Whenever there was grease on the skin, a grease solvent was 
used before the streptomycin and sulfamylon solution ^Yas supplied. Only 
one trivial infection occurred. The solution of streptomycin and sul- 
famylon has also been used to saturate gauze used to pack open wounds 
that were to be treated later by delayed primary closure. The wound was 
again washed with this solution just before the primary closure. Thirty- 
two treatments of this type liavc been carried out without an infection. 
It is hoped that this form of therapy will reduce to almost zero the inci- 
dence of infection with delayed primary closure. 

Clinical experience with local treatment of the established infection with 
the combination of streptomycin and sulfamylon has paralleled that found 
experimentally; namely, resolution of infection was not hastened. That 
the established infection will not be helped has been emphasized since the 
beginning of this work (17), yet experienced workers like Florej’, Ross, 
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Healing of clean-conlaminated uounJs trilfumt sul/onanndc or anltbioUc therapy (16) 


1 CASES 

loiAt iNTzeno'i 
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1938 

1 774 

8.0 

1939 
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8 7 
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‘ 964 

8 3 
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1 S59 

9 2 


and Tuiton (18) ha\e written that the combination of streptono’cin and 
sulfamylon has been lecommended for the mi.xed infection. They have 
also tried it clinically for this purpose and, of course, found it useless. Re- 
peated admonitions on this point, given to our own staff, go unheeded 
and their results are generally unsuccessful also. An adjunct chemo- 
therapeutic agent that will liquefy necrotic tissue and aid m the destruction 
of the bacteria m leucocytes must be used m the established infection 
On the other hand, whenever granulations free of slough become over- 
grow n or remain undergrown with a mixed flora of bacteria they can be 
quickly returned to their optimal condition by treatment with dressings 
saturated with the solution of streptomycin and sulfamylon 
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Chapter 34 

CLINICAL WOUND INFECTIONS 


Liter vTURE Review" 

Eiperimcntal 

In an experimental controlled study In which both gram-negative and 
giam-positivc infections were introduced into wounds in dogs, ICirby, 
Dull, Fulton, Price, and Zintel (1) found that streptomycin administered 
intramuscularly produced a nogati\e blood culture and reduced toxicity 
and mortality, and that streptomycin in an ointment base (one applica- 
tion of 30,000 units), either immediately upon infection or 8 hours later, 
appeared to pioduce the same results. The results of a study m rabbits, 
made by Howes (2), before that reported by Kirby, led to the conclusion 
that streptom 3 'cin combined with sulfamylon was effective in preventing 
infection when injected immediately into the wound; but, contrarj' to 
Kirby’s finding of effectiveness when treatment was delayed, Howes found 
that an injection 3 or more hours after infection was ineffective. 

Clinical 

The literature contains few leports of clinical studies. ^Vhite (3) and 
Hirchfield, Buggs, Pilling, Bronstcin, and O’Donnell (4), w orking separately 
made substantially similar ffndings, namely, that in granulating wounds 
there was clinical improvement, but that, probably because of development, 
during treatment, of .streptomycin-resistant organisms, this antibiotic, per 
se, topically applied or intramuscularly admmstered, did not consistently 
eliminate the mfectmg organisms. Wilson (5) reported favorable results 
with streptomyem (saline solution alone or combined with intramuscular 
therapj') in a wide variety of infections in fifty-five patients, as a cover for 
skm-graftmg, and especially m superficial lesions if necrotic tissue is re- 
moved. Streptomycin-resistance accounted for some case failures 
Keefer, Blake, Lockwood, Long, Marshall, and Wood (6), reporting on 

• Chief of the Surgical Research Uoit, Brooke General Hospital, Brooke Army 
Medical Center, Fort Sam Houston, Texas 
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surgical \Yound mfectiona in, six patients, found unprovement on use of 
parenteral or topical streptomycin therapy. Florey, Ross, and Turton 
(7) reported sterilization of five out of six predominantly gram-negative 
chronic sinus tracts; the exception was attributed to the presence of S. 
aureus and S. hemohjiieuSy subsequently eliminated with topical penicillin 
applications. Brooke (8) reporting on the effects of topical application of 
0.25 per cent parachlorophcnol and 0.5 per cent streptomycin in a carbo- 
\va.x base in treating ten cases of ulcers, bums, and infected wounds, stated 
that the results were generally good. 

* Unitld St.vtes AnjkiY Experience 

In the following analysis of 200 cases of streptomycin-treated nontuber- 
culous infections of soft tissues iu hospitals of the United States Army, 


TABLE 72 

Bacteriology o/ 172 coses of uouiiii siippurattoa* 
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Beta hemolytic streptococci 
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Pt cutgaris 

•11 

3 (7%) i 

3S (03%) 
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17 
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3 
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• 23 closed lesions not cultured 


findings corroborated and supplemented those in a small number of pre- 
viously reported cases (9). 

The bacterial flora cultured from 172 cases is listed in table 72. Twenty- 
eight acute infected closed wounds, presumably coccal in origin, were 
not cultured Two-thirds of the lesions had a mixed flora with S. aureus 
predominating. One hundred thirty-hve cases received streptomycin 
alone. The remaining sixty-five were being treated also with penicillin, 
even though penicillin alone had been meffective. Fifty-two per cent of 
all cases benefited. In 11 per cent the response was doubtful; in the re- 
maining 37 per cent the response was negUibible. Re.^sponse to therapy 
was indicated by the patfiogenesis of the lesion. The pathogenesis fell 
into three groups; (a) cellulitis, (b) superficial and deep abscesses, and (c) 
miscellaneous. Descriptions of the respcmsc by the various groups follow : 
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Group I — Celluliiis {Table 73) 

These lesions occur over a large aiea and may suppurate. Of the fifty- 
three cases treated, 88 per cent benefited with either streptomycin alone 
or with streptomycin plus penicillin. The 12 per cent listed as doubtful 
or failures were acute flares in scar tissue. Adjuvant measures were 
limited to needle-aspiration or stab-wound drainage. The results thus 
compared favorably with those obtained with penicillin alone. The usual 
dose of streptomycin was 0.5 gm four times a day for 4 to 7 days. Un- 
toward reactions \\ ere rare with this dosage. 

Group II — Superficial and Deep Abscesses {Tables 74 aad 75) 

These lesions are grouped together because their response to therapy 
is similar. « 

The abscesses in the fifty-one cases {table 74) occurred in traumatic 


T.\BLE 73 

Group I — Results of therapy jn 5S uounds with cellulitis 
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0 

Cellulitis with suppuration 

21 
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1 
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6 

6 

0 
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Total 

39 

31 

1 1 

4 

14 


0 
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wounds, the urinary system, and as furuncles and carbuncles. Best re- 
sults were obtained m infected traumatic uounds, where 61 per cent were 
benefited Improvement in the urinary tract lesions was only 42 per cent, 
and with furuncles and carbuncles only 19 per cent. 

For adequate response, free drainage and appropriate excision of dead 
tissue were necessary Failure wnth streptomycin was associated with re- 
currence of infection m scar, dead tissue, constant source of reinfection 
from fistula or sinus, and inadequate dramage. 

The eighty-one postoperative wound infections (table 75) accounted for 
40 per cent of the cases Of these lesions, 80 per cent developed under 
the prophylactic use of penicillin Of forty-six cases treated by strepto- 
mycin and penicillin, 42 per cent were benefited, 12 per cent nere doubt- 
fully benefited, and 4G per cent were unaffected. The results with either 
penicillin plus streptomycm or streptoycin alone were similar. 

The postoperative infections mcluded twenty-two of the abdominal 
wall twelve of the flank, six of the permeum, and forty-one wound revi- 
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Group III — Miscellaneous Wound Infections {Table 76) 

The miscellaneous infections gave the least response to streptomycin. 
Thus unsatisfactory results occurred in cutaneous gangrene, Buerger’s 
disease, chronic tenosynovitis, chronic bums, chronic ulcers, and chronic 
fistulae. In the four cases doubtfully benefited, two cases of ecthyma and 
two of decubitus ulcer, streptomycin apparently initiated improvement, but 
bacteria persisted and wounds failed to heal. The wounds were closed by 
excision and grafting. 

Topical application of streptomycin as ointments, packs, and irrigations 
has been inefTcctivc in our hands. Bacteria, especially cocci, pyocyaneus, 
and proteus, in infected sloughing and granulation tissue, may become 
streptomycin-fast within 1 or 2 days. If bacteria are not eliminated from 
wounds after two or three applications of streptomycin, further local 
treatment is useless. 


Summary 

1. Over-all benefit in 200 streptomycin-treated nontuberculous infec- 
tions of soft tissues was 52 per cent. 

2. Patients who were treated also with penicillin showed no greater 
benefit. 

3. Topical application of streptomycin was of no value. 

4. Ninety per cent of the patients with cellulitis benefited from strep- 
tomycin therapy. 

5. Superficial and deep abscesses required adjuvant measures for bene- 
ficial response Of the patients with infected traumatic wounds, G1 per 
cent were benefited. Furuncles and carbuncles improved in only 19 per 
cent of the cases, and infections connected with the urinary tract were sup- 
pressed in only 42 per cent of the cases. 

G. In postoperative wound infections, 42 per cent were benefited. Fac- 
tors which contributed poor results are listed. 

7. Miscellaneous infections (cutaneous gangrene, Buerger’s disease, 
chronic tenosynovitis, clironic bums, chronic ulcers, and chronic flstu- 
lae) showed least response to streptomycin. 

8. The recommended dosage is 2 0 to 2.5 gm streptomycin qi.d. for 
4 to 10 days. Toxic reactions arc uncommon with this dosage. 

Conclusion's 

Streptomycin is of benefit m surgical infections, but it is not a panacea. 
It is most effective in cellulitis; but only moderately effective in cases of 
adequately drained superficial and deep abscess. Tlie most beneficial ef- 
fects of therapy are observed in acute infections when the drug is given 
early in the disease. Thus, the principle uses of the drug are with gram- 
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positive and mixed infections in which there has been no response to max- 
imal doses of penicillin within 48 to 72 hours. Earlier use of streptomycin 
is indicated if in vitro evidence of penicillin resistance can be obtained. In 
chronic suppurating lesions the drug is useful only as an adjuvant to 
drainage and section of compromised tissue for the suppression of residual 
bacteria. In our experience, topical application of streptomycin has not 
given good results. 

Two-thirds of open pyogenic sui^cal infections are polybacterial. 
Careful bacteriologic analysis of the wound bacteria and culture-sensi- 
tivity testing are necessary prerequisites to successful streptomycin therapy. 
This antibiotic has inhibitory action on most aerobic gram-negative and 
gram-positive surgical organisms, but wide variation in susceptibility 
is observed and initially streptomycin-fast organisms are found (fig. 82) 
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Fio. 82. Stroptomycin fastocss tn vivo 

Drug-fastness is a common factor in unsatisfactory therapeutic responses. 
For this reason, the drug should be used only when properly indicated. 
The requisites for successful streptomycin therapy are : 

1. Streptomycin-sensitive organisms. 

2. A dosage of at least 2.0 gm a day. 

3. Adequate blood supply. 

4. Absence of necrotic tissue. 
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Group III — Miscellaneous Wound Infections {Table IS) 

The miscellaneous infections gave the least response to streplomjca. 
Thus unsatisfactorj' results occurred in cutaneous gangrene, Buergtrs 
disease, chronic tenosynovitis, chronic bums, chronic ulcers, and cbn-ci 
fistulac. In the four cases doubtfully Ixincfitcd, two coses of ecthjTaaaJ 
two of decubitus ulcer, streptomycin apparently initiated impro\enient,Ui 
bacteria persisted and wounds failed to heal. The w oiinds were closed b 
excision and grafting. 

lopical application of streptomycin as ointments, packs, and irrigaticci 
has been inclTectivc in our hands. Bacteria, cspcci.alli' cocci, pyocyanoij, 
and protcus, in infected sloughing and granulation tissue, may becca 
streptomycin-f:xst within 1 or 2 days. If bacteria arc not cUmmated fivm 
wounds after two or three applications of streptomycin, further lucsl 
treatment is useless. 

Summary 

1. Over-all benefit in 200 streptomycin-treated nontuberculous inf«' 
tions of soft tissues was 52 per cent. 

2. Patients who were treated al^o witli j)cnicilhn showed no greater 
benefit. 

3. Topical application of streptomycin was of no value. 

4. Ninety per cent of the patients with cellulitis benefited from strep- 
tomycin therapy. 

5. Superficial and deep abscesses required adjuvant measures for bene- 
ficial response. Of the patients with infected traumatic wounds, 61 
cent were benefited. Furuncles and carbuncles improved in only 19 
cent of the eases, and infections connected with the urinary- tract were sup- 
pressed in only 42 per cent of the eases. 

G. In postoperative wound infections, 42 per cent were benefited. Fac 
tors which contributed t 9 poor results arc listed. 

7. ^Iisccilancous infections (cutaneous gangrene, Buerger’s diseaj^» 
chronic tenosymovitis, chronic bums, chronic ulcers, and chronic flitu* 
lae) showed least response to streptomycin. 

8. The recommended dosage is 2.0 to 2.5 gm streptomycin q.i.d. 1°^ 
4 to 10 days. Toxic reactions are uncommon with this dosage. 

COXCLCSIONS 

Streptomycin is of benefit in surgical infections, but it is not a panacea 
It is most effective in cellulitis; but only moderately- effective in cases of 
adequately drained superficial and deep abscess. The most beneficial ef- 
fects of therapy are observed m acute infections when the drug is given 
early in the disease. Thus, the principle uses of the drug are with gram* 
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“degeneratioa bodies” which have lost their normal staining reaction dis- 
appear rapidly, giving the impression of a rapid diminution of total num- 
ber of bodies present. 

Streplomycin resistance 

Of the patients in this series, 4 to 5 per cent proved resistant to strepto- 
mycin. One such patient received daily doses of 1 gm for 28 days, 1 5 gm 
for 41 days, 4 gm for 9 days, and another course of 4 gm daily for 10 days. 
In view of the fact that some patients responded to as small a total dose as 
3 3 and 5 gm, it is amazing that the one patient failed on a total of 1C5.5 gm. 



Figs. 84 and 85. Granuloma ingumalc before and after treatment with strepto- 
mycin. 


.tUiother patient who pioved resistant Imd received a total dose of 100 gm, 2 
gm daily for 30 days and 4 gm daily for 10 days. Some tissue from this 
patient was used for experimental reproduction of the disease in a volunteer. 
A small, circumscribed experimental lesion developed in this volunteer. It 
failed to respond to two courses of streptomycin, 4 gm a day for 5 days. 
The streptomycin-resistant cases, incidentally, have responded to oral 
aureomycin therapy (11). 

Conclusions 

Streptomycin has proved a most useful drug in the therapy of granuloma 
inguinale. Many patients with this disease have responded to as little as 
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treated with 4 gm for 5 days frequently showed complete healing rntliin 
1 to 2 u'eeks after cessation of therapy. The patients with veiy extensive 
lesions responded similarly, except for residual areas, which progressed to 
eventual healing \\ithin a few* weeks without additional therapy. Extra- 
genital lesions (four cases) healed more rapidly than did those in the gen- 
ital area. 



Fig. S3. Donovan bodies 


Fale of the Donovan bodies 

Daily smears from the lesions showed that, on the average, Donovan 
bodies disappeared about 6 days after the initiation of therapy. Evidently, 
the response of the Donovan body to streptomycin is marked. The 
Donovan body docs not fragment or decrease in gross size and appearance. 
The nuclear substance, however, rapidly loses its normal staining charac- 
teristics and appears to be u holly compnsed of the remaming capsubr 
material, which retains its normal fonn, size, and shape. Intracellular 
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GONOIUIHEA AND CHANCROID 


Gonorhiiev 

Though pcnicillm is the undisputed theni|>cutic agent in the treatment of 
gonorrhea, resistant strains of gonococci liave been produced in vitro by 
Miller and BohnhofT (1), who showed that these strains were susceptible 
to streptomycin Franks (2) reported four cases of gonorrhea that failed 
to respond to large doses of penicillin. Duemling and Horton (3) reported 
twenty-four cases of gonorrheal urethritis that revealed varying degrees of 
resistance to penicillin m vitro. 

Some investigators doubt whether penicillin-resistant gonorrhea exists. 
In 2,821 cases of gonorrhea, Parkhurst, Ilarb, and Cannefax (4) did not 
encounter a single instance in which adequate amounts of penicillin failed 
to free the patient of the gonococcus. Spink (5) has never seen a gonococ- 
cus resistant to penicillin in adequate amounts. 

If resistance to adequate dosage of penicillin should become a significant 
clinical problem, it would bo encouraging to know, in advance, of the avail- 
ability of another drug for treatment. Mortara and Saito (6) found that 
freshly isolated stiains of N. tjonorriicac were sensitive to streptomycin 
hydrochloride in vitro and were inhibited by 10 to 15 units per milliliter of 
medium. Putnam, Herwick, Taj^art, and Chinn (7) initially treated 
four men having acute gonorrheal urethritis with 0.1 gm of streptomycin 
sulfate dissolved in 3 ml of physiologic salt solution at hourly inten’als for 
five doses. Criteria of cure were three negative prostatic cultures within 
10 days after tieatment All foui patients were clinically and bacteriologi- 
cally cured. 

On the basis of this preliminary study, a larger series of cases was treated 
to deteimme the optimum dosage (8). Treatment with a single dose of 
0.5 gm of streptomycin was fiist attempted and was found to give consistent 
cures. Table 77 shows the lesults of treatment with 0 5 gm and lesser 
amounts of sticptom 5 'cin m water solution as a single injection into the 
gluteal muscle All cases tieatcd with a single injection of 0 3 gm or moic 
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0.5 to 1 gm a day. Therapy in such instances was prolonged, however, 
until liealing took place, necessitating hospitalization for 20 to 60 days. 
Use of 4 gm a day for 5 days piovided a rapid, relatively economical, and 
cfTective method of treatment without marked side reactions. With this 
legime, Donovan bodies disappeared from the lesions within 4 to 10 da 5 s, 
and healing usually took place 7 to 30 days after cessation of therapy. 
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GoXOUItllK.V 

Tiiough peiiicilliti is tlic undi&pulcd thcrapuiitic agent in the treatment of 
gonorrhea, resistant strains of gonococci have been produced in vilro l)y 
Miller and Bohnlioff (1), who showed that these strains were susceptible 
to streptomycin. Franks (2) reported four cases of gonorrhea that failed 
to respond to large doses of penicillin. Duemhng and Horton (3) reported 
twenty-four cases of gonorrheal urethritis tliat revealed varjdng degrees of 
resistance to penicillin in vitro. 

Some investigatois doubt whether peiiicillin-iesi&tant gonorrhea exists 
In 2,821 cases of gonoirhea, Parkhurst, Ilarb, and Cannefax (4) did not 
encounter a single instance in which adequate amounts of pcnicillm failed 
to free the patient of the gonococcus. Spink (5) has never seen a gonococ- 
cus resistant to penicillin in adequate amounts. 

If resistance to adequate dosjigc of penicillin should become a significant 
clinical problem, it would be encouraging to know, in advance, of the avail- 
aliility of another ding for tieutmcnt. Alortara and Saito (C) found that 
freshly isolated strains of N. goiwrrhcae were sensitive to streptomycin 
hydrochloride in vitro and weie inhibited by 10 to 15 units per milliliter of 
medium. Putnam, Hcrwick, Taggart, and Chinn (7) initialiy treated 
four men having acu^ gonorrheal urctliritis with 0.1 gm of streptomycin 
sulfate dissolved in 3 ml of physiologic salt solution at liourly inteiA’als for 
five doses. Criteiia of cuie «crc three negative prostatic cultures within 
10 days after treatment. All four patients were clinically and bacteriologi- 
cally cuied. 

On the basis of this picliminaiy study, a larger seiies of cases was treated 
to determine the optimum dosage (8). Treatment with a single dose of 
0.5 gm of stieptomycin was first attempted and was found to give consistent 
cures Table 77 shows the icsults of tieatment with 0.5 gm and lesser 
amounts of .sticjitomyciii in water solution as a single injection into the 
gluteal muscle. All ca.ses tiealcd with a single injection of 0.3 gm or moic 
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were cured. The failures on smaller doses were re-treated succes.'fuUy by 
the following means: Two of the failures in the 0.1 gm group were cured by 
treatment with 300,000 units of pcnicilUn in peanut oil and beeswax: the 
other failure in that group and the two failures in the 0.2 gm group were all 
cured by re-treatment with 0.2 gni of streptomycin. 

This study was further extended (9) as reported in table 78. All failures 
occuring on 0.3 gm and the one failure on 0.5 gm were re-treated success- 
fully with 0.6 gm of streptomycin. 

Chancroid 

Both the sulfonamides and penicillin have been found to be effective in 
the treatment of chancroid. Mortara and Saito (10) found that all strains 
of H. ducreyi wliich they tested were very sensitive to streptomycin. These 
authors used the drug successfully both prophyJactically and therapeu- 
tically in experimental chancroid (11). Hirs,h and Taggart (12) reported 
on the treatment of fifteen cases of chancroid with streptomycin. 

The diagnosis was established on the basis of a positive culture inoculated 
with a swab of the lesion or pus aspirated from a bubo or by positive smears 
plus a positive Ducrey skin test. Fourteen patients were given 1.0 gm of 
streptomycin daily in divided doses intramuscularly every 4 hours. The 
fifteenth patient received 2 0 gm daily. Streptomycin was continued until 
the lesions showed evidence of complete Ijcaling. The duration of treat- 
ment ranged from 5 to 25 days. When there were large or multiple penile 
lesions, or lesions that were apposed or covered by skin, healing was slower 
and treatment was prolonged. Recovery w as facilitated if the buboes w ere 
aspirated as they became distended. The histories of thirteen patients were 
followed for I to 8 weeks. The histor}’ of the patient who received 2.0 gra 
daily (24 gm in 12 days) was followed for 28 weeks after recoveiy. The 
patient who received the shortest course of treatment (5 days) had what was 
possibly a relapse 6 weeks after slrcplomycin was discontinued. This 
patient was successfully re-treated with sulfadiazine. 

Later Taggart extended this study to include sixty-one cases of chancroid 
treated with streptomycin (table 79), forty-two of these patients being 
hospitalized, and nineteen treated on an ambulatory basis. Of the former, 
twenty-five were treated with divided doses every 4 hours, totalling 1 0 gm 
daily for 5 to 19 days until the lesions iiealcd. The remaming seventeen 
were given 1.0 gm daily as a single injection for 5 days. All forty-tw o hos' 
pitalized patients were considered cured. The nineteen ambulatory pa- 
tients were treated with a dose of 2 0 gm. of streptomycin asa single injection 
daily for 5 days. Of these patients, five were completely cured, six im- 
oroved but had slight residual inguinal swelling, two improved but were lost 
from follow-up and six failed to obtam healing. One week after treatment 
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the lesions of these six patients hud opened, had resumed their necrotic 
character, and were positive for //. ducreyi by Pappenheim’s stain. 


TAilLE 77 

Effect of streptomycin on gonorrhea (8) 


KinisER or CASES 

DOSE 

1 

NtUBEX CORED 

PERCEKTACE CORED 

‘25 

c«. 

0.5 

i 

25 

100 

10 

0 4 

1 

10 

100 

15 

0.3 

1 

15 1 

100 

22 

0.2 

I 

20 

90 9 

5 

0.1 

1 

2 1 

40.0 


TABLE 78 

Effect of streptomycin on gonorrhea (9) 


KOUBER or CASES 

OOSE 

1 KOMBER CURED 

PEECEITTACS CURED 

17 

jm. 

0 0 

17 

100 

50 

1 0.5 

49 

98 

10 

0.4 

10 

100 

125 

0.3 

115 

02 

22 

0 2 

20 

90 9 

5 

0 1 

2 

40 


TABLE 79 


Effect of streptomycin on chancroid 


KUUSER 1 

or CASES 1 

TOTAL 1 
DAtLy DOSE J 

UETBOD j 

pURAno:^ 1 

1 HUUBER 1 

rERCEHI- 

Iace cured 

Hospitalized patients 


tm. 


day! 



25 

1 0 

Divided doses, 4'hour intervals. 

5-19 i 

25 

100 

17 

1.0 

Single injection 

5 

17 1 

100 

Ambulatory patients 

19 

1 2 0 

1 Single injection 

i = 

1 ^ 

1 26 3 


Healing was more rapid and progressed more favorably in the patients 
hospitalized than in those treated on an out-patient basis. The factor of 
bed rest was very important in influencing healing, although a few of the 
larger necrotizing ulcers in the hospitalized group received saline soaks for a 
short period of their hospital stay. 
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Although sulfonamides and penicillin appear to be the drugs of choice in 
the treatment of chancroid, streptomycin can be effective. For bo.'^t results 
hospitalization appeals to be indicated. 
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The introduction of streptomycin for medical therapy of the ear presents 
theoppoitumty of treating certain refractory infections of the external au- 
ditory canal, middle car, and mast oids with specific therapy. Tins new drug 
permits the rapid control of a high percentage of diseases of the car for which 
we have had little to offer in the past, and as a result it is now possible to 
prevent many of the otogenic complications that were common a short time 
ago. Of less importance, but of great frequency, are some minor inflamma- 
tory diseases of the external car, such as diffuse external otitis, which may 
now be controlled to a great extent by the topical use of streptomycin. 

A therapeutic agent must come into intimate contact with the diseased 
areas to be fully effective. The anatomical configuration of the external 
auditory canal and the middle ear makes these areas lelatively inaccessible 
to adequate local therapy except with special vehicles. Thus, because of 
their physiochemical properties and functions certain carriers have become 
popular for use in the topical application of medications to the e.xtcrnal 
canal and middle ear. It has been shown by ^n vitro studios, liowovcr, that 
some of these vehicles appear to facilitate and others to prevent active diffu- 
sion of the contained antibiotic (1). When streptomycin was incorporated 
into water-soluble vehicles such as lanoline, “aquaphor,” or “hydrosorb,” 
little or no vitro anti-bacterial action of the streptomycin ivas observed. 
On the other hand, effective in vitro antibacterial activity was obtained 
mth water-soluble vehicles such as glycerin, “carbowax,” and a mixture of 
“carbowax” and propylene glycol. 

Aqueous solutions of streptomycin mixed readily with the ceruminous 
material formed m the external .auditory canal Aqueous and low viscosity 
“carbowax” ear-drop preparations containing streptomycin may penetrate 
largo perforations of the tympanic merabnine and cover the surfaces of 
fenestration and radical mastoid cavities. They may also bo instilled wifli 
a cannula into the middle car by the otologist. 

Exteunai. Eau 

It is necessary to diffei entiato the various the various forms of inflamma- 
tory diseases of the external ear and to define those categories in which 
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streptomycin may be of value (2). Diffuse inflammatory lesions of the 
external audity canal are due to gram-negative bacilli, gram-positive organ- 
isms, or mixed infections and occur mainly in tropical and subtropical areas. 
Sjrmptoms range from mild dull aching to severe deep pain that may inter- 
fere with sleep. Physical findings consist of pain on manipulation of the 
auricle, slight to marked edema of the skin of the ear canal and periauricular 
tissues, and profuse sero-sanguinous to puruIent-Iike drainage. 

Fifty-four consecutive patients with findings that conformed to the above 
criteria for diffuse external otitis were examined and cultures taken (3). To 
compare the bactcriologic flora obtained from the ears of those patients \\ith 
normal ears during the same season, cultures were made from the ear canals 
of twenty subjects (forty ears) without car, nose, and throat complaints. 

All infected ears showed gram-negative rods as the predominant organ- 
isms; by far the largest percentage of ears showed cultures of Pseudomonas. 
Occasional strains of Alkaligcncs, Acrobackr, and Proteus were identified. 
Organisms isolated from the normal ears consisted of various strains of 
Staphylococcus and Micrococcus groups and an occasional nonhemolytic 
Streptococcus. With one exception, gram-negative rods were not obtained 
from normal car canals 

To evaluate the effects of topical therapy, groups of patients nere treated 
with various concentrations of streptomycin in a “carbon'ax^’ ointment 
base, and the results of treatment were compared with those obtained m a 
similar group of patients treated with “carbowax” base alone. 

The clinical results of therapy revealed that the two lower concentrations 
of streptomycin (0.25 mg/gm and 1 mg/gm of ointment) produced effects 
no better than those obtained from the use of the “carbowax" ointment base 
alone. Failure of treatment was not associated with pre-existing resistance 
of the organisms, since all of the isolated strains obtained prior to treatment 
were sensitive to concentrations of streptomycin far lower than those 
applied Treatment with 5 mg of streptomycin per gram of ointment gave 
results definitely superior to those obtained with the ointment alone 
Three patients in this series receiving intramuscular streptomycin failed to 
show any convincing improvement 

The results of this study further indicated a high degree of correlation be- 
tween clinical improvement and disappearance of Pseudomonas from the 
infected ear canal In general, a concentration of streptomycin that failed 
to produce a high percentage of cures failed also to produce a rapid disap- 
pearance of Pseudomonas in cultures taken from the treated ear On the 
other hand, the concentration of streptomycin found to be most effective 
(5 mg/gm) clinically resulted in rapid disappearance of Pseudomonas from 
such ears. 
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Senturia (4) reported sixteen additional cases which conformed to the 
above definition of acute diiTuse external otitis. Thirteen of these patients 
received streptomycin in a "carbowax” ointment (5 to 10 mg/gm); all but 
two showed prompt subsidence of s3Tnptom3 with rapid disappearance of 
discharge and of edema of the skin of the ear canal. Three patients were 
treated with aqueous solutions (5 mg/ml) in the form of ear drops. Im- 
provement occurred in one, whereas pain and swelling increased in the other 
two. 

Calloway (5) described one case of acute infectious eczematoid external 
otitis (diffuse type?) from which a pure culture of Ps. aeruginosa was ob- 
tained and which resisted all forms of therapy over a period of approxi- 
mately 8 months. Streptomycin in aqueous solution (2.5 mg/ml) was 
instilled and sponged on the ear. The oozing and erythema subsided within 
48 hours, the discharge stopped in 2 days, and cultures were negative in 11 
days. 

Pulasici and Matthews (0) reported five cases of chronic c.\tcmal otitis 
from which streptomycin-susceptible gram-negative bacilli and gram-posi- 
tive cocci were cultured. The infections had been present 3.5 to 30 months, 
and a variety of antiseptics and chemotherapeutic agents had been used and 
found ineffective. The ear canals were flooded witli a saline solution of 
streptomycin containing 5 to 10 mg/ml. This treatment w as repeated once 
or twice daily or oftener when the drainage was copious. All patients 
responded rapidly with complete subsidence of drainage within 3 to 8 days. 

No untoward reactions or sensitizations to the topical use of sti eptomy cin 
were described by the above authors. There are, liowcver, an increasing 
number of reports of sensitization (7, 8). Goldman and Feldman (9) de- 
scribed one white woman ivitli otitis extema who was treated with strepto- 
mycin ointment (quantity and vehicle not stated). Mter a short period, 
the dermatitis of the ear canal flared up, and contact dermatitis developed 
on the skin of the eyelids, genitalia, arms, and buttoclcs. Reactions to 
patch tests wth streptomycin were strongly positive 

^IiDDLE Ear 

No carefully controlled studies or reports of the effect of streptomycin on 
middle ear infections have come to our attention. This may be explained 
by the fact that almost all such infections yield to the sulfonamides or 
penicillin. Two groups of cases are avmlable for study: (a) simple uncom- 
plicated purulent otitis media, and (b) otitis media with associated diarrhea 
Mcurring in infants. 

.JtTwenty-one cases of otitis media treated with sticptomycm have been 
reported by Terry (10). Routine treatment consisted of daily intramus- 
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cular injection of 2 to 3 gin in divided doses at 2-hour intcA’als and of local 
instillation into the car (100 mg/ml) every hour throughout the waking 
hours. Twenty-sLv ears were treated and no other specific therapy was 
given. Thirteen ears showed cultures of Proteus and thirteen of Pseudo- 
moms. There were complete drying in 50 per cent, definite irapro^enlent 
in 38 per cent, no improvement in 12 per cent. The rc^ponse was as good 
with the Proteus as with the Pseudomonas group. 

Pulaski and Matthews (0) leixirted thirteen cases of chronic otitis media 
treated with topical streptomycin. In most of the cases, mixed cultures of 
gram-positive organisms and gram-negative bacilli were obtained Some 
of the causative organisms were not subjected to sensitivity tests. Routine 
cleansing measures were employed, consisting of syringing out the car canal 
and then flooding the cavity I to 3 times a d.ay with streptomycin in stenlc 
isotonic saline (5 mg/ml). Occasionally intratympanic instillations were 
performed. 

In every' case, the topical administration of streptomycin was followed 
by a change in the quantity and character of the discharge. Improvement 
in the appearance of the middle car was general in all cases e.vcept one, and 
this was une.\plained, since the organisms wcie susceptible. The suppura- 
tion ceased in sbe patients, whercas in tuo a minimal discharge persisted. 
One patient of particular interest was a 7-year-old child with chronic puru- 
lent otitis media, following scarlet fever, from \vhich S. viridans was cul- 
tured. In spite of active treatment, the infection remained uncontrolled for 
4 months. Mter the routine course of topical instillations of streptomycin, 
the drainage ceased and the infection remained clinically arrested. 

Hams and Finland (11) reported findings on eighteen patients who had 
persistent purulent dnunage from one or both ears and were treated with 
local instillations of streptomycin solutions Twenty-eight suppurating 
ears were treated, namely, six cases of subsiding acute otitis media with 
profuse purulent drainage, nineteen cases of chronic otitis media with 
intermittent or constant drainage over periods of 1 to 25 years; three ears 
with external otitis Cultures from twenty-six of the draining ears j'icldcd 
gram-negative bacilli alone or (in five instances) mixed with gram-positi\c 
organisms. Almost all of these organisms were sensitive to streptomycin 
m vitro. Ps. aeruginosa and Pr vulgans were the strains most frequently 
isolated. 

Treatment as carried out by the patient consisted of dry’i^S Ihc ear 
and instilling 1 ml of stieplomycm m sahue (20 mg/ml) four times daily 
This w’as continued foi 1 to 7 weeks The drainage disappeared during 
treatment m twelve eai-s and did not recur vlurmg 2 to 4 luoutlis of obserxM* 
tion. In thirteen cases there was no apparent improi emeut, and drainage 
promptly recurred after streptoraycm was discontinued. In three ears the 
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drainage subsided, but adequate follow-up was not available. Strepto- 
m}’cm resistance and a cliango of bacterial flora ncre observed frequently. 
Tlie authois concluded tliat the lesults were not uniformly favorable, al- 
though they noted that simple local in-stillation of streptomycin did benefit 
some of the refractory cases. 

Walsh and Stone (12) presented a preliininarj' report on the use of strep- 
tomycin in otitis media which occurred in seven infants and children. 
The'e included four chronic suppurative cases, two cases of acute otis media 
with associated diarihea, and one with associated bronchiectasis which did 
not respond to penicillin and sulfadiazine therapj’ Cultures of Pseudo- 
monas, 'E. coh and 5. albus were obtained from the ears. Normal saline, 
peroxide, and 2 per cent acetic acid were used for irrigating the e.xternal and 
middle car. Streptomycin was then given intramuscularly in doses of 50 to 
100 mg every 3 hours with e.\cellcnt control of the infection and improve- 
ment in the associated disease. No toxic effects were noted. These 
authors conclude that streptomycin appeared to be very effective in acute 
middle ear infections particularly when Pseudomonas was the causative 
organism, 

Senturia and Ingram' (13) reported thirty-seven unsclected infants and 
children who entered the hospital for treatment of otitis media, antritis, 
mastoiditis, and associated diseases. In a high percentage of the cases, 
cultures were obtained after institution of chemotherapeutic or antibiotic 
therapy, and there was no bacterial growth on cultures. Streptomycin- 
sensitivity tests were available m u small number of the cases. 

It was the policy of the staff to treat these critically sick patients with a 
combination of sulfonamides (approximate^’ 0.2 gm/kilo/24 hours), 
penicillin (approximately 30,000 units cverj' 3 hours) and streptomycin 
(uppro.ximately 50 rag/UiIo/24 hours). iVs quickly as positive culture 
reports were obtained and sensitivity of the organisms w'as determined, or 
as soon as the chnical condition of the patient permitted, the superfluous 
drugs were discontinued 

Consideration of the nature of these clinical data makes it obvious that 
positive conclusions, in respect to streptomycin, cannot be drawn from this 
''tudy Certain definite impressions and negative findings may be of dis- 
tinct value, however, and do offer some infoimation on this problem about 
which so few clinical or experimental data are available. 

'Iwelve cases were placed in the category of severe acute or recurrent 
suppurative otitis media. Where reported, cultures showed Pseudomonas 
or S. ourcus or albtis. Ten of these cases showed prompt improvement, 
whereas in two cases symptoms failed to subside after 4 days of streptomy- 

* Tlie authors are indebted to Dr Alexis F. Hartmann, Physiciun-in-Chief of St 
Louis Children’s Hospital, for assistance in this study. 
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cin therapy and the drug was discontinued. In sharp contrast to this 
group are five cases of suppurative otitis media with associated diarrhea 
treated in the same manner. Three of these cases were unimproved; one 
case was placed in the uncertain category; and one patient showed slow but 
progressive improvement on streptomycin therapy. It would appear from 
these data that streptomycin combined with penicillin and sulfonamides 
was effective in controlling uncomplicated suppurative otitis media. The 
inclusion of this antibiotic in the therapy of otitis media with associated 
diarrhea was not productive of equally good results. 

At the Fourth Streptomycin Conference under the auspices of the Vet- 
erans Administration (14) it was reported that streptomycin was used 
locally in the treatment of twelve cases of tuberculous otitis media, of which 
six were reported healed and sbe improved. The minutes of the Fifth Con- 
ference (15) state that thirteen cases of otitis media were treated. Drain- 
age ceased in eleven, and in sLx of these the perforations healed. It was 
assumed that diagnosis was established in all cases by positive culture of the 
drainage material. 


Mastoid 

Pulaski and Matthews (6) reported one case of uncomplicated otitis 
media and mastoiditis. Cultures revealed Pr. vulgaris which was sensitive 
to streptomycin. Streptomycin Avas gi\en topically and intramuscularlj’ 
(0.125 gm every 3 hours) and a radical mastoidectomy was performed. A 
rapid uncomplicated convalescence followed. 

Senturia and Ingram (13) reported eleven cases of acute antritis or 
mastoiditis occurring in children, five of whom showed rapid improvement 
on combined therapy (pcmciUin, sulfonamides, and streptomycin). Fi'"® 
patients required surgical drainage of the mastoid, four of whom responded 
promptly while the other continued to show a discharging ear. The 
eleventh patient was overwhelmed by the infection and died in 5 days de- 
spite streptomycin and penicillin treatment. Results from combined 
therapy were so satisfactory that surgical inten'ention was avoided in 
approximately half of these cases. This is in contrast to a group of six 
small children with otitis media, antritis, and associated diarrhea. This 
latter group did not respond to combined therapy (penicillin, sulfonamides, 
and streptomycin), and their condition went rapidly downhill until a critical 
state was reached Because of the progressive clinical deterioration of these 
patients, mastoid antrotomy was performed in each case ivith prompt and 
startling improvement in the clinical course and eventual cure of the ear 
infection and associated diarrhea 

These authors conclude from their data that response to combined 
therapy was excellent m uncompheated severe acute infections of the middle 
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ear and mastoid, suggesting that there may be definite advantage to this 
form of therapy in the more severe infections appearing in the children. No 
immediate evidence of local or general toxicity resulting from the use of 
streptomycin was observed in this scries. This may be explained on the 
basis of relatively low dosage, inherent drug tolerance in children, and 
limited period of treatment with streptomycin. A small number of patients 
with antritis and associated diarrhea who failed to respond to penicillin, 
sulfonamide, and streptomycin therapy showed prompt and striking im- 
provement as'soon as surgical drainage of the middle ear, antrum, or mas- 
toid was performed. 

Fowler (IG) packed a mixture of streptomycin (0.2 to 1 mg/ml) and 
bulfamylon (5 per cent) into radical mastoidectomy cavities, keeping the 
inner wick saturated with the solution until removed 1 week postopera- 
tively. Drops of this mixture in a "carbowax” or methyl cellulose (1 per 
cent) vehicle were instilled for several days. This author believed that the 
cavities dried more promptly on this regime. 

Two infants \vith tuberculous involvement of the middle ear and mastoid 
were reported by Senturia and Ingram (13). A 19-month infant with 
tuberculous otitis media and spreading lung infection received intramuscu- 
lar streptomycin (1 gm/day) for approximately 2 months. After 1 month 
the ears were dry and healed, and adenoidcctomy was performed unevent- 
fully The second case, an infant of 2 months, was seen with bilateral 
otorrhea of at least 2 weeks’ duration, a positive tuberculin (1:100,000), 
and a culture of M. ItiberculosU from the ear discharge. Under combined 
therapy (including 400 mg of streptomycin daily) there was less ear dis- 
charge for a time, but granulations rapidly filled the ear canals, and the 
patient expired after approximately 2 months of observation. In view of 
the results reported above, surgical exenteration of the diseased bone of the 
mastoid, while under streptomycin, might have prevented the fatal result of 
this case 

One adult male of 30 years was observed by Senturia and Walsh (17) with 
tuberculous otitis media, mastoiditis, and a postauricular fistula persisting 
after radical mastoidectomy. One gram of streptomycin was given intra- 
muscularly in five <livided doses, and later twice daily for a little more than 
2 months. A saline solution containing 1 gm of streptomycin was used to 
irrigate the ear canal and for application to the fistula region tivice daily for 
approximately 6 weeks. The fistula M'as healed over after 3 weeks of treat- 
ment, and the middle ear became dry after 6 ueeks. There has been no 
recurience while under observation for 1 year following discharge from the 
hospital. 

The prompt response of the tuberculous fistula was anticipated as a re- 
sult of the reports of the Veterans Administration. At the Fourth Con- 
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cin therapy and the drug was discontinued. In sharp contrast to this 
group are five cases of suj>purative otitis media uith associated diarrhea 
treated in the same manner. Tlircc of these cases were unimproved; one 
case was placed in the uncertain category'; and one patient showed slow but 
progressive improvement on streptomycin therapy. It would appear from 
these data that streptomycin combined with penicillin and sulfonamides 
was effective in controlling uncomplicated suppurative otitis media. The 
inclusion of this antibiotic in the therapy of otitis media with associated 
diarrhea was not productive of equally good results. 

At the Fourth Streptomycin Conference under the auspices of the Vet- 
erans Administration (14) it was reported that streptom 5 'cin was used 
locally in the treatment of twelve cases of tuberculous otitis media, of which 
six were reported healed and sLx improved. The minutes of the Fifth Con- 
ference (15) state that thirteen cases of otitis media were treated. Drain- 
age ceased in cloven, and in six of these the perforations healed. It was 
assumed that diagnosis was established in all cases by positive culture of the 
drainage material. 


Mastoid 

Pulaski and Mattliews (6) reported one case ol uncomplicated otitis 
media and mastoiditis. Cultures revealed Pr. vulgaris which was sensitive 
to streptomycin. Streptomycin was given topically and intramuscularly 
(0.125 gm every 3 hours) and a radical mastoidectomy was performed. A 
rapid uncomplicated convalescence followed. 

Senturia and Ingram (13) reported eleven cases of acute antritis or 
mastoiditis occurring in children, five of whom showed rapid improvement 
on combined therapy (penicillin, sulfonamides, and streptomycin). Five 
patients required surgical dramage of the mastoid, four of whom responded 
promptly while the other continued to show a discharging car. The 
eleventh patient was overwhelmed by the infection and died in 5 daj'S de- 
spite streptomycin and penicillin treatment Results from combined 
therapy were so satisfactory that surgical inteiwention was avoided m 
approximately half of these cases. This is in contrast to a group of slx 
small children with otitis media, antritis, and associated diarrhea. This 
latter group did not respond to combined therapy (penicillin, sulfonamides, 
and streptomycin), and their condition went rapidly downhill until a critical 
state was reached. Because of the progressive clinical deterioration of these 
patients, mastoid antrotomy was performed m each case mth prompt and 
startling improvement m the chnical course and eventual cure of the ear 
infection and associated diarrhea. 

These authors conclude from their data that response to combined 
therapy was excellent in uncompheated severe acute infections of the middle 
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was discontinued because of the marked resistance of the organism. Radi- 
cal mastoidectomy and ligation of the jugular vein were performed, and the 
patient made an uneventful recovery on penicillin and triple sulfonamide 
therapy. 

This case presents the problem that may arise from the indiscriminate 
use of streptomycin in a patient with an undrained infected mastoid. 
Rapid streptomycin tolerance undoubtedly developed, and when surgery 
was performed, streptomycin was not available for coverage of the gram- 
negative bacillus infection. 


SOMMAHV 

The data indicate that streptomycin offers tremendous help in the control 
of selected ear infections, that it allows safer surgical intervention, and that 
it provides a more uneventful postoperative course in those diseases of the 
ear which arc not readily controlled by the sulfonamides and penicillin. 

When streptomycin, penicillin, and sulfonamides are given to the crit- 
ically ill child, a combined coverage for both gram-positive and gram-nega- 
tive organisms is provided. Control of the disease process is frequently 
obtained long before an etiologic diagnosis is made. When the direct smear 
or culture report is received, the superfluous drugs may be discontinued. 
In this manner, the disease may be controlled rapidly and effectively, and, 
at least in children, few toxic reactions are noted. 

It has been the experience of most of the writers that streptomycin 
treatment or combined therapy serves only as a temporary control of the 
surgical diseases of the ear. It is essential that suppurative infections of 
the middle car, antrum, or mastoid receive surgical drainage, and where 
indicated, therapy should be continued postoperatively. Rapid strepto- 
mycin resistance develops in cases where medical therapy is provided with- 
out surgical drainage 

In a large number of the reported cases, good results have been obtained 
from the topical use of streptomycin. Diffuse external otitis and uncompli- 
cated middle ear infections with large tjTnpanic perforations should respond 
to this form of therapy. Whenever possible, it would appear desirable to 
combine topical ^\lth intramuscular therapy in ear diseases which involve 
deep-seated infections 

Formerly, the mortality among infants with otitis media, antritis, and 
associated dianhea was very high In caiefully selected cases the combi- 
nation of suigical drainage and stieptomycin therapy should offer a high 
percentage of emes. 

The prelimiuarj’ results with streptomycin in tuberculous otitis media 
and mastoiditis offer piomise of conti oiling the early lesions and provide the 
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ference (14) a series of patients with a total of 195 draining sinuses were 
repotted. Of these, 118 weie healed, fifty-one improved, and t\venty-si\ 
were unchanged after a daily regimen of either 1.0 or 2.0 gm of streptomy- 
cin. At the Fifth Conference (15), 100 cases with sinuses originating in 
bone or cartilage received daily doses of 2, 1, or 0.2 gm of streptomycin In 
each group, with one or two exceptions, healing occurred and there was no 
lecurrencc. 

The use of streptomycin in tuberculosis of the middle car and mastoid is 
still to be evaluated. It appears, however, that streptomycin halts the 
extension of the destinictive process. Of equal importance is the considera- 
tion that streptomycin will allow surgical exenteration of the involved mas- 
toid bone where previously surgical inter^'ention was considered too dan- 
gerous and would permit unrestricted spread of the disease. 

Otogenic Complications 

Pulaski and Matthews (0) reported two cases of otogenic complications. 
The first was that of meningitis, osteomyelitis, and brain abscess secondary 
to otitis media and mastoiditis, from which a culture of S. aureus (coagulose 
positive) was obtained. The second w'as that of mastoiditis with compli- 
cating lateral sinus thrombosis and meniogitis, from which hemolytic 3. 
aureus and hemolytic streptococci were grown. 

In Case I, streptomycin was given intramuscularly in dosages of 3.2 gm 
daily With only slight improvement Remarkable progress occurred after 
the daily intrathecal use of 0.25 gm of streptomycin. A total of 58 gm of 
streptomycin was given over a period of 19 days Case 11 failed to respond 
to penicillin, and streptomycin was given (0.25 gm intramuscularly every 
3 hours). Immediate clinical improvement occurred, but menmgitis and 
lateral sinus thrombus developed. After surgical intervention the patient 
made an uneventful recovery 

Senturia and Ingram (13) described a 2-w'eek-old premature infant who 
entered the hospital with dehydration and diarrhea and developed otitis 
media and meningitis Ear cultures yielded staphylococci, a perianal ab- 
scess grew E coll, and the spinal fluid gave a negative culture The patient 
did not improve on sulfonamides and penicillin therapy, but did respond 
promptly to streptomycin treatment 

Senturia and Walsh (17) desenbed a 11-year-oId white female w'lth a dis- 
charging right ear of 2 years’ duration who developed chills and fever The 
local physician gave penicillin and streptomycin (dosage not available) w ith 
partial control of the symptoms 4\Tien the patient was seen there was 
evidence of otitis media, mastoiditis, and lateral sinus thrombosis. Cul- 
tures from the ear and mastoid antrum revealed E coh, which was not 
inhibited by 0.05 mg of streptomycin After 4 days, streptomycin therapy 
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was discontinued because of the marked resistance of the organism. Radi- 
cal mastoidectomy and ligation of the jugular vein were performed, and the 
patient made an uneventful rccoveiy on penicillin and triple sulfonamide 
therapy. 

This case presents the problem that may arise from the indiscriminate 
use of streptomycin in a patient with an undrained infected mastoid. 
Rapid streptomycin tolerance undoubtedly developed, and when surgery 
was performed, streptomycin was not available for coverage of the gram- 
negative bacillus infection. 


SUMMAHY 

The data indicate that streptomycin offers tremendous help in the control 
of selected car infections, that it allows safer surgical intervention, and that 
it provides a more uneventful postoperative course in those diseases of the 
ear which are not readily controlled by the sulfonamides and penicillin. 

When streptomycin, penicillin, and sulfonamides are given to the crit- 
ically ill child, a combined coverage for both gram-positive and gram-nega- 
tive organisms is provided. Control of the disease process is frequently 
obtained long before an etiologic diagnosis is made. When the direct smear 
or culture report is received, (he suiwrfluous drugs may be discontinued. 
In this manner, the disease may be controlled rapidly and effectively, and, 
at least in children, few toxic reactions arc noted. 

It has been the experience of most of the writers that streptomycin 
treatment or combined therapy serves only as a temporary control of the 
surgical diseases of the ear. It is essential that suppurative infections of 
the middle ear, antrum, or mastoid receive surgical drainage, and where 
indicated, therapy should be continued postoperatively Rapid strepto- 
mycin resistance develops in cases where medical therapy is provided ivith- 
out surgical drainage. 

In a large number of the reported cases, good results have been obtained 
from the topical use of streptomycin. Diffuse external otitis and uncompli- 
cated middle car infections with laigc tympanic perforations should respond 
to this form of therapy. Whenever possible, it would appear desirable to 
combine topical with intramuscular therapy in ear diseases which involve 
deep-seated infections 

Formerly, the mortality among infants with otitis media, antritis, and 
associated diarrhea was very high. In caiefuUy selected cases the combi- 
nation of surgical dniinugc and sticptomycin therapy should offer a high 
percentage of cuies 

The preliminary results with sticptumycin in tuberculous otitis media 
and mastciiditis offer promise of controlling the early lesions and provide the 
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ference (14) a series of patients with a total of 19o draining sinuses ssere 
jeported. Of 118 were healed, fifty*onc improved, and twenty-six 

were unchanged after a daily regimen of either 1.0 or 2 0 gm of streptomy- 
cin. At the Fifth Conference (15), 100 ca'-es with sinuses originating in 
bone or cartilage received daily doses of 2, 1 , or 0.2 gm of streptomycin. In 
each group, with one or two exceptions, healing occurred and there uas no 
recurrence. 

The use of streptomycin in tuberculosis of the middle ear and mastoid is 
.still to be evaluated. It appears, however, that streptomycin halts the 
extension of the destnictive process. Of equal importance is the considera- 
tion that streptomycin xviU allow surgical exentenition of the involved mas- 
toid bone where previously surgical interx'ention was considered too dan- 
gerous and would permit unrestricted spread of the disease. 

Otogenic Complicatio.vs 

Pulaski and Matthews (6) reported two coses of otogenic complications. 
The first xvas that of meningitis, osteomyelitis, and brain abscess sccondarj’ 
to otitis media tmd mastoiditis, from which a culture of S. aureus (coagulose 
positive) was obtained. The second was that of mastoiditis with compli- 
cating lateral sinus thrombosis and meningitis, from which hemolytic S. 
aureus and hemolytic streptococci were grown. 

In Case I, streptomycin W’as given intramuscularly m dosages of 3.2 gm 
daily with only slight improvement. Remarkable progress occurred after 
the daily intrathecal use of 0.25 gm of streptomycin. A total of 58 gm of 
streptomycin was given over a period of 19 days. Ca.-e II failed to respond 
to penicillin, and streptomycin was given (0.25 gm intranmscularb' eveiy’ 
3 hours). Immediate clinical improx'cmcnt occuried, but meningitis and 
lateral sinus thrombus developed .Vftcr surgical intervention the patient 
made an unex'entful recoveiy. 

Senturia and Ingram (13) described a 2-week-old premature infant who 
catered the hospital with dehydration and diarrhea and developed otitis 
media and meningitis Ear cultures yielded staphylococci, a perianal ab- 
scess grew E coh, and the spinal fluid gave a negatix e culture, llie patient 
did not improve on sulfonamides and penicillin thcrapj', but did respond 
promptly to streptomycin treatment 

Senturia and Walsh (17) described a 11-year-old white female with a dis- 
charging right ear of 2 years’ duration who developed chills and fever. The 
local physician gave penicillin and streptomycin (dosage not available) with 
partial control of the symptoms When the patient was seen there was 
evidence of otitis media, mastoiditis, and lateral sinus thrombosis. Cul- 
tures from the ear and mastoid antrum rex'caled E. coh, whicli was not 
inhibited by 0 05 rog of streptomycin Mter 4 days, streptomycin therapy 
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The principles of streptomycin therapy in ocular infections are no differ- 
ent from those in other types of infections. Two requirements must be met, 
that is, the organisms must be sensitive to tlic action of streptomycin, and 
the streptomycin must reach the area of the infection. To understand the 
reasons for the limitations of streptomycin therapy in ocular infections, a 
knowledge of the anatomical structures concerned is needed. 

For our purpose the eye and its adnexa may be divided into two parts: 
the first consists of the vascular tissues, and the second consists of avascular 
tissues along with the intraocular fluids. The lids, extraocular muscles, 
lacrimal apparatus, sclera, and uveal tissues belong to the first group; the 
cornea, aqueous humor, vitreous humor, and lens belong to the second 
group. 

The cerebral layers of the retina contain its blood supply, but, like the 
central nervous system, the glial sheaths surrounding the blood vessels 
keep out many of the constituents found in the blood stream. 

The tissues of the first group receive their nutrients directly from the 
blood and are similar to other tissues of the body in response to infection 
and in the concentration of the various substances circulating in the blood 
stream. The tissues and fluids in the second group differ from the first in 
their response to infections and in the concentration of the various constit- 
uents of the serum. The latter concentrations depend upon highly selected 
filtrate processes by which the aqueous is formed. 

Distribution of Streptomycin in the Eye 

From these preliminary considerations, it is not surprising that, following 
the systemic administration of streptomycin, the concentration of this 
agent differs in the various ocular tissues and fluids. It has been demon- 
strated that when rabbits received a single intravenous or intramuscular 
injection of 10,000 /ig/kg body weight, streptomycin was detected in the 
conjunctiva, sclera, extraocular muscles, and aqueous humor (1). For 
streptomycin to become detectable in the cornea, vitreous, chorioretinal 
tissues, and optic nerve, massive injections of 100,000 /igAg required. 
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opportunity of performing major surgical procedures ^nthout danger of 
fatal otogenic complications. 
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immediate inflammatory maction following the application of buffeied 
folntinns of atieptoinyciii. Bellows juul Farmer (2) found that the present 
commercial streptomycin (hydrochloride form) as well as the highly purified 
streptoinycin-calcijEni-chlorKlo complev in concentmtions of 10,000 Mg/ml of 
saline solution instilled into human and rabbit eyes, did not produce a 
greater dogiee of conjunctival redness or smarting than that occui ring upon 
similar treatment with accepted ophthalmic solutions. 

In addition to the production of conjunctival redness and fluorescein- 
staining reaction of the cornea, another means of evaluating local toxicity 
of a drug is its influence upon the i-egeneration of the corneal epithelium. 
As shown by Bellows (5), the eoniea is an excellent medium to ascertain 
infomiation relative to the local tissue effect of drugs. Bellows and Farmer 
(2) denuded the cornea of its epithelium and applied streptomycin in sahne 
solution five times daily. It was found that the concentrations of 10,000 
pg/ml of saline solution did not retard the normal process of comeal regen- 
eration but solutions containing 50,000 pg/ml of saline solution not only 
delayed the healing but also caused marked vascularization and scar for- 
mation of the cornea. 

lNTn.xocULAR Injectio.v OF Stiieptomycin 

In a preceding section it was stated that even after massive doses of 
streptomycin were given systemi'cally, barely delectable quantities were 
found in the vitreous. It followed natuially for investigators to determine 
W'hcther the direct injection of streptomycin into the vitreous would be a 
practical method of administration. Bellows and Farmer (6) employed 
Solutions of various commercial Jots of stieptomycin and a highly purified 
sample of streptomycin-calcium'chloridc complex in concentrations ranging 
from 250 to 10,000 >ig/nil picpaied m saline. 

The respective solutions in doses of 0.1 ml were injected with a 27 -gauge 
needle, the puncture being made at the equator of the eyeball. The fre- 
quency and number of permanent vitreous opacities w ere low with the more 
purified commercial samples (twenty-one eyes — six with opacities) and least 
with the highly purified streptomycin'calcium-chloride complex (nineteen 
eyes — four eyes with opacities). An occasional lens opacity appeared, 
which was attributable to trauma by the needle or to injection of the saline 
too close to the lens. Leopold, Wilej’, and Dennis (3) confiimcd these 
findings by leporting that the direct jntravitmal injections in concentra- 
tions below 800 pg produced minimal and limited damage to the globe. 
From these observations it may be asserted tlmt any theoretic objection to 
mtravitreal injections of streptomycin in certain cases of severe purulent 
ophth.a!mia, which, treated by older methods would invariably lead to 
blindness, are unfounded Bellows and Farmer (6) found that following 
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Such massive injections cannot be recommended for man because they 
might readily lead to neurotoxic symptoms, particularly if employed for a 
prolonged period. 

Penetr.\tion TUROUGH the Corxe.^ 

Because of the aforementioned disadvantages of systemic administration 
of streptomycin, inve.stigations were undertaken to determine whether 
adequate therapeutic concentrations of strcptomjxin could be achieved by 
local methods of administration. 

It was soon found that streptomyxin docs not penetrate through the nor- 
mal cornea: however, satisfactory' concentrations of streptomycin in the 
aqueous humor are readily obtained if a wetting agent or iontophoresis is 
employed. Furthermore, if the cornea is abraded or infected, streptomycin 
penetrates the cornea readily. Leopold and Nichols (1), using ion-transfer 
and a solution containing 5,000 #jg/ml of streptomycin in saline, found from 
30 to 70 ;ig/ml of streptomycin in rabbit’s aqueous. Other investigators 
(2) found 25 ;xg in aqueous of rabbits when 10,000 pg w as employed w ith ion- 
transfer. It is also possible to obtain a high concentration of streptomycin 
in the vitreous by means of ion-transfer if streptomycin is injected retro- 
bulbarly. By this means Leopold, Wiley, and Dennis (3) reported values 
up to 15 iig/ml of vitreous. 

Bellows and Farmer used os a wetting agent one drop of aerosol (O.T.) 

50,000 ^g/ml for 30 mi nutes, 1 hour, and 2 hours. ^Vssays of the aspirated 
aqueous revealed values of 25 to 50 pg/ml when the last concentration was 
used With 10,000 Mg/ml, the values were below 6.25 lig/nil aqueous for 
periods less than 1 hour. After 2 hours, however, a concentration of 25 
fig/ml of aqueous was found. 

In animals with abraded corneas, 20 to 21 fig/ml streptomycin in aqueou^ 
was found 15 minutes after drop instillations of 50,000 pg/ml of isotonic 
solutions (1). Under similar circumstances a comeal bath with a saline 
solution containing 10,000 or more /ig/ml for 2 hours may yield concentra- 
tions of more than 100 Mg/ml of streptomycin in aqueous. In rabbits with 
vaccinia keratitis a coracal bath containing 10,000 /ig/ml strepfomjxin in 
saline solution for 15~30-00-minutc periods produced aqueous concentra- 
tions between 25 and 200>ig ''ml (2) Apparently no lelation exists between 
the longer and shorter mter\'al.s of bathing and the assay values The 
latter seemed to depend rather upon the size of the corneal lesion. 

Local Effects of SruEiTo-Mycix 

Streptomycin applied to the human eye is «eli tolerated. With earlier 
samples, however, Mohtor (4) reported that the conjunctiva presented an 



OPHTHALMOLOGY 


515 


ever, to confine the infection to the vitreous humor. Direct intravitreal 
injection of 25 to 100 ng of streptomycin prevented infections if adminis- 
tered within 6 to 8 hours after inoculation. Similar findings were reported 
by Leopold, Wiley, and Dennis (3), who demonstrated that the direct in- 
travitreal injection of streptomycin reduced the severity of experimental 
vitreous infections ^\^th E. colL These investigators found that retrobulbar 
injections of streptomycin plus iontophoresis were more effective than 
anterior chamber injections in combating vitreous infections. 

Streptomycin in experimental ocular tuberculosis 
The brilliant investigations of Feldman, Hinshaw, and Mann (7,8) defi- 
nitely established the marked deterrent and therapeutic effect of strepto- 
mycin in experimental guinea pig tuberculosis. It is not surprising, there- 
fore, that ophthalmologists (9, 10, 11) became interested m the possibilities 
of streptomycin therapy in experimental and clinical ocular tuberculosis. 

Bietti (9) showed that streptomycin was of value in experimental ocular 
tuberculosis infection in rabbits if the treatment was begun early with 
streptomycin alone or in a combination ivith promin If treatment was 
instituted after appearance of the ocular lesions, however, the infection was 
not inhibited. E\irthcrmore, he noted that even in animals treated early, 
the tuberculous process developed when the streptomycin administration 
was stopped. Somewhat similar findings were reported by Grignolo (10). 
This mvestigator noted marked inhibition of the tuberculous process in 
guinea pigs receiving streptomycin therapy commencing 6 days after the 
inoculation. If treatment was begun after 15 days, no significant differ- 
ence in the progress of the infection was noted in the group of guinea pigs 
receiving treatment and those in the control group. 

Woods (11) inoculated the anterior cliambcrs of so-called immune- aller- 
gic rabbits wth a virulent strain of tubercle bacilli. The ocular lesion of 
the animals became inactive after 8 weeks of streptomycin treatment 
Histologic examination, however, disclosed minimal to moderate degrees 
of tuberculous activity, and transmission experiments disclosed that three 
out of six animals had positive infections of the uvea Upon cessation of 
treatment, two of eight rabbits developed an active disease process. The 
results of streptomycin therapy were enhanced when promizole was em- 
ployed at the same time, but even this combination did not possess complete 
bactericidal action against tubercle bacilli 

Streptomycin Ther.^py in Cunical Ocul.\r Infections 
Indications 

Clinical reports on use of streptomycin therapy in ocular infections are 
very sparse. From theoretical considerations, it may be expected that 
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the injection of 100 tx" of streptomycin into the vitreous, 12.5 to 25 ;ig of 
strcptomj’cin was present even 24 hours after the injection. 

Stkeptomvci\ Tiieiupy IX Expekimextal Ocul.^r IXFECnON'S 
Ps. aeruginosa infeelion of cornea 

Infection of the cornea with Ps. aeruginosa usually produces a severe 
reaction, frequently leading to destructioa of the cornea. The advent of 
sulfonamide therapy greatly reduced the severity of infection; and following 
e.vperimental inoculation, sulfonamides, if applied early enough, nould 
often prevent infection. Bellows and Farmer (6), employing a virulent 
strain of B. pyocyaneua which was sensitive to streptomycin, were able to 
prevent infection of the cornea when the antibiotic was applied mthin 6 
hours after inoculation of the rabbit’s cornea. 

Vaccinia kcralUis 

Streptomycin, when applied locally to rabbit’s corneas after inoculation 
with vaccinia, did not prevent the resulting keratitis (6). However, the 
number of organisms responsible for the accompanying secondary infection 
was greatly reduced in the treated eyes. As a result of this, there was less 
scarring and vascularization of the comeas of treated eyes. 

Sirepiomycin therapy of vitreous infections 

The vitreous of rabbits were inoculated with 1,000 to 2,000 organisms 
from a 24-hour broth culture of S. pyogenes strain C 203 by Bellows and 
Farmer (0). The animals were separated into three groups and treated by 
(a) continuous intravenous drip of 100,000 of streptomycin solution per 
kilogram of body weight over a period of 6 hours; (b) intramuscular in- 
jections of a similar amount of the antibiotic emulsified in a sterile prep- 
aration of cholesterol derivatives in peanut oil with 2 per cent beeswax 
(pendil improved); (C) inlravitreal injections of 250 to 1,000 mS strep- 
tomycin m 0. 1 cc of an isotonic solution of sodium chloride. Xone of these 
forms of systemic administration w'as effective in preventing vitreous in- 
fections, but all of them prevented spread of the infection beyond the 
vitreous, whereas in imtreated animals the external manifestations of the 
infection were much more pronounced. This result js easy to understand 
if one considers the fact that the concentration of streptomycin is but 2 
^g/gm of vitreous following a single intramuscular injection of 100,000 f^S 
of streptomycin per kilogram of body weight (1). Since the in intro sensi- 
tivity of the organism employed by Bellows and Farmer (6) was 10 Mg/^}> 
the concentration of streptomycin in the vitreous was inadequate for (his 
organism, and infection resulted The concentrations in the conjunctiva, 
sclera extraocular muscles, and aqueous humor were sufficiently high, how- 
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ever, to confine the infection to the vitreous humor. Direct intravitreal 
injection of 25 to 100 ;ig of streptomycin prevented infections if adminis- 
tered within 6 to 8 hours after inoculation. Similar findings were reported 
by Leopold, Wiley, and Dennis (3), who demonstrated that the direct in- 
travitreal mjection of streptomycin reduced the seventy of experimental 
vitreous infections with E. colt. These investigators found that retrobulbar 
injections of streptomycin plus iontophoresis were more effective than 
anterior chamber injections in combating vitreous infections. 

Streptomycin in experimental ocular iuberculo&is 

The brilliant investigations of Feldman, Hinshaw, and Mann (7,8) defi- 
nitely established the marked deterrent and therapeutic effect of strepto- 
mycin in experimental guinea pig tuberculosis. It is not surprising, there- 
fore, that ophthalmologists (9, 10, 11) became interested in the possibilities 
of streptomycin therapy in experimental and clinical ocular tuberculosis. 

Bietti (9) showed that streptomycin was of value in experimental ocular 
tuberculosis infection in rabbits if the treatment was begun early mth 
streptomycin alone or in a combination ivith promin. If treatment was 
instituted after appearance of the ocular lesions, however, the infection was 
not inhibited. Furthermore, he noted that even in animals treated early, 
the tuberculous process developed when the streptomycin administration 
was stopped. Somewhat similar findings were reported by Grignolo (10). 
This investigator noted marked inhibition of the tuberculous process in 
guinea pigs receiving streptomycin therapy commencing 6 days after the 
inoculation. If treatment was begun after 15 days, no significant differ- 
ence in the progress of the infection was noted in the group of guinea pigs 
receiving treatment and those in the control group. 

Woods ( 11 ) inoculated the anterior chambers of so-called immune- aller- 
gic rabbits with a virulent strain of tubercle bacilli. The ocular lesion of 
the animals became inactive after 8 weeks of streptomycin treatment 
Histologic examination, however, disclosed mmimal to moderate degrees 
of tuberculous activity, and transmission experiments disclosed that three 
out of six animals had positive infections of the uvea. Upon cessation of 
treatment, two of eight rabbits developed an active disease process The 
results of streptomycin therapy were enhanced when promizole was em- 
ployed at the same time, but even this combination did not possess complete 
bactericidal action against tubercle bacilli. 

Stueptomycin Therapy in Cunical Ocul-^^r Infections 
Indications 

Clinical reports on use of streptomycin therapy in ocular infections are 
very sparse. From theoretical considerations, it may be expected that 
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streptomycin ^v^U be of slight or no value in certain intraocular uiflamma- 
tory diseases such as iridocyclitis or iritis, conditions in «hich the etiologj* 
is often obscure or is of noninfcctious nature Futhermore, even in those 
instances where the intraocular inflammation should prove to be of bac- 
terial origin, the problem of achieving an adequate therapeutic concentra- 
tion without producing neurotoxic symptoms must be overcome. Systemic 
streptomycin therapy, either alone or in combination-s with other agents, 
may be tried, however, in ocular involvement with tuberculosis, tularemia, 
brucellosis, and lymphogranuloma venereum. Impending or early pum- 
Jent ophtlialmia following intraocular surged’ or penetrating wounds re- 
quires the administration of streptomycin combined with penicillin by 
means of ion-transfer or bj' direct injections into the ei'eball. Except m 
the aforementioned diseases, use of streptomycin in ocular infections must 
be confined to its local application in serious external ocular infections 
caused by agents sensitive to the action of streptomycin. For this purpose, 
streptomycin may be applied in a concentration of 10,000 A^g/ml of saline 
solution or per gram of ointment base. The application should be made 
at 3-hour intervals, or more often if the infection is very severe. Strepto- 
mycin should not bo used indiscriminately in self-limited or mild forms of 
conjunctivitis because of the possibility of the development of hypersensi- 
tization needlessly in susceptible persons. 

Acute conjunctmlis 

Streptomycin has been shown to be of value in certain types of acute 
conjunctivitis (6). In one case of purulent conjunctivitis cau&ed by iV 
intracellularis Group Ila, a marked improvement was noted in 24 hour& 
In a second case of acute conjunctivitis produced by B. subUlis, improve- 
ment occurred within 48 hours In a third patient with acute conjuncti- 
vitis m which a pure culture of diptheroids was found, unprovement was 
noted wathin 3 days In three other patients in w hich there w as a mixed 
infection and in one case of acute conjunctivitis in which organisms were 
not found, there was a fax’orable response to streptomycin therapy. Grig- 
nolo (12) reported good results with streptomycin in cases of acute staphy- 
lococcus and Koch-Weeks conjunctivitis. Complete recoverj’ in 1 to o 
days occurred when four patients with gonorrheal conjunctivitis, fifteen 
with Koch-Weeks, and twenty-nine with Morax-Axenfeld conjunctivitis 
were treated with mstillations of streptomycin in a concentration of 10,000 
^tr/ml of solution (13) Streptomycin waas found to be ineffective m epi- 
demic keratoconjunctivitis (13, 14) 

Chronic conjunciiinlis 

The effect of streptomycin therapy in chronic forms of conjunctivitis is 
about equal to that of other agents employed for these conditions (6). 
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Where organisms wem found, and in particular if sensitivity tests levcaled 
the organisms to be sensitive to streptomycin, the conjunctival sacs became 
steule when stieptomycin was employed. In spite of this, the clinical 
appearance frequently would remain unchanged, suggesting that other 
factors, such as chronic meibomitis, were active in continuing the conjunc- 
tival inflammation. 

Trachoma and inclnsion coiijunclivilis 

Bellows and Farmer (G) found that streptomycin e.\erted a favorable 
elTect upon one patient showing the clinical characteristics of trachoma. 
In twelve cases of florid trachoma treated with streptomycin by Grignolo 
(12), the conjunctival sacs became sterile, but the nodules were uninflu- 
enced. In one case of inclusion conjunctivitis that received streptomycin, 
inclusion bodies disappeaied rapidly (12). 

Blepharitis 

Good results were obtained in the ulcerative form of blepharitis tieated 
w ith streptomycin (12) . The author, however, has found local application 
of streptomycin to be of slight value in most forms of blepharitis (14). 

Corneal infections 

Streptomycin appears to be of value in certain forms of corneal infec- 
tions In one case of severe comeal infection caused by B coli, a satis- 
factory response was obtained following local application of streptomycin 
(15). Other investigators also found this form of therapy effective in other 
forms of comeal ulcers (0, 10). On the other hand, Grignolo noted no 
improvement in corneal infections produced by pneumococcus, staphylo- 
coccus, or streptococcus (12). In phlyctenular keratitis, streptomycin was 
found to be ineffective (12, 14). 

Panophthalmitis 

In one case of panophthalmitis in which a pure culture of Pr. vulgaris 
ivas found, Somerville-Large (17) reported a favorable result with strep- 
tomyem although the mfection did not respond in time to prevent perfora- 
tion. Still, the cultures became negative with streptomycin. Earlier 
treatment with sulfadiazine and penicillin liad been ineffective. From the 
experimental evidence mentioned earlier, total destmetion of the globe 
might have been prevented if streptomycin had been injected intraocularly 
early in the course of this disease. In purulent ophthalmia in which the 
offending organism proves to be sensitive to streptomycin, one is justified 
m directly injecting streptomycin intraocularly, otherwise the eye inevi- 
tably becomes blind. 
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Lymphogranuloma venereum ophthalmia and brucellosis 

So far no report has been made on the use of streptomycin in infections 
of the eye with lymphogranuloma venereum or brucellosis. One would be 
jubtifled, however, in employing streptomycin alone or in combination with 
other agents in such instances. 

Oculoglandular tularemia 

Heilman (18) showed that experimentally produced tularemia responded 
favorably to streptomycin. In nonoculoglandular tularemia, Foshay and 
Pasternack (19) and others have reported good results. In one case of 
oculoglandular tularemia, Minden and Springer (20) reported that an im- 
mediate and dramatic improvement was produced by streptomycin, though 
they admit that a low-grade fever persisted for 30 days. 

Tuberculous disease of the eye 

The gieat difficulty in establishing a diagnosis of intraocular tuberculous 
infection makes it a difficult task to evaluate the ciTcct of streptomycin m 
this disease. In the small group of cases reported thus far, the results are 
promising and warrant further investigation of this form of therapy. 

In three cases of tuberculous disease of the choroid, Grignolo reported a 
favorable response to streptomycin therapy. In eight cases of ocular tu- 
berculosis included in the report by the Streptomycin Committee of the 
Veterans Administration (21), there was some degree of improvement in 
three, complete healing in tiio, and no change in three. 

Even better clinical results may be expected from a combination of strep- 
tomycin with other agents such as promin and promizole. Futhermorc, 
it is likely that these drugs will pro\e to be particularly useful when em- 
ployed prophylactically to prevent lelighting the infection in quiescent 
tuberculous eyes undergoing surgical procedures such as cataract extraction 
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Chapter 39 

SKIN INFECTIONS 


Little has been written about the use of streptomycin topically in cu- 
taneous diseases. This probably is due to the fear of sensitization reactions 
inculcated by untoward experiences wlh such reactions in topical penicillin 
therapy. 

Several diseases are relegated to this section. Some of these are clearly 
defined entities nith clear-cut etiology, such as lupus vuJgans, impetigo, 
and pustular folliculitis; others, such as infectious eczeraatoid dermatitis, 
may well have a double etiology: a primarj' contact eczema may, for ex- 
ample, become secondarily infected with staphylococcus or other bacteria. 

In general, proper treatment of skin diseases with antibiotics differs in 
no wise from the ideal procedures and goals set in other branches of medi- 
cine. 

The specific causative organism should be determined where possible, and 
the particular drug selected according to the sensitivity of the organism to 
it, and in terms of the sensitizing potentialities of the drug in a particular 
case. In cases caused by organisms sensitive to streptomycin, immediate 
benefit from use of the drug is observed. In general, these cases include 
the pyodermas due to gram-positive organisms, stasis ulcers, and dennato- 
pUytosis secondarily infected with gram-positive and sensitive gram- 
negative organisms 

The means of administration depends upon the type and extent of the 
disease to be treated If the cutaneous disease is extensive or essentially 
of systemic character, parenteral administration is indicated according to 
schedules and dosages outlined elsewhere by other authors in this book. 
If the disease is of limited extent and more strictly of cutaneous nature, it 
should be treated topically, with the drug included in either a grease cream 
or a gel base, in concentrations of about 5,000 units/gm (I, 2). Prior to 
application of the ointment, the skm should be thoroughly cleaned with 
soap and w’ater and all the crusts, scales, and other detritus removed. 
Streptomycin ointment should be applied at least four times a day. 

The physician should be aware of the possibility of inducing cutaneous 
sensitization through application of streptomycin to the skin. Goldman 
520 
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and Feldman (1) have recorded a 1 per cent occurrence of sensitivity fol- 
lowing patch testing with ointment mixtures containing 5,000 units/gm, 
but they do not consider the hazard too great. Observations of Strauss 
and Warring (2, 3) and others (4, 5, 6, 7, 8, 9) as well as those of the writer 
(10) indicate, however, that continued exposure of patients or of individuals 
handling the drug may inciease the number of sensitizations to a marked 
degree (50 per cent or more) and these may be of very severe proportions. 
It would appear that patch testing docs not give a reliable indication of 
the potentialities for sensitization. The possibility of development of 
severe eczematous reactions upon exposure of tlie skin directly to strepto- 
mycin must be kept in mind. It is hoped that reactions to cutaneous con- 
tact will not reach the proportions that have been found to occur with 
cutaneous penicillin therapy (13). 

The possibility of secondary sensitizations produced by exposure to other 
sensitizing agents in patients already sensitized to one must be guarded 
against (12). 

Very limited experience with dihydrostrcptomycin indicates that com- 
parable skin sensitization may occur with this form of the drug, and that 
patients already sensitized to streptomycin may have severe cutaneous 
reactions to dihydrostrcptomycin. Hobson H at. (14) have indicated that 
the dihydro form may bo used pareutcrally in some cases sensitive to strep- 
tomycin. The work of Edison cl al. (15) lias shown that a similar anti- 
bacterial spectrum is to be expected for both forms of the drug and that 
organisms resistant to streptomycin will likewise be resistant to the dihydro 
form. Indications are, liowcvcr, that toxicity is less with dihydrostrep- 
tomycin. 

Specific diseases, such as granuloma inguinale, gonorrhea, and chancroid, 
which conceivably might be considered here, are dealt with extensively 
elsewhere in this volume. 

The follow’ing isolated accounts on various skin diseases may well be 
considered. 

O’Leary el al (10), studying cutaneous tuberculosis, obtained encourag- 
ing results by parenteral use of streptomycin. Healing of open ulcerative 
lesions occurred, but the granulomatous process was still evident in the 
healed areas of the lesions. These invcstigatois felt that complete euro 
"as not obtained. 

Cornblcet (17), who combined calciferol and stieptomycin in the treat- 
ment of five cases of lupus vulgaris reported that lesions became inactive 
in G to 9 weeks. This author suggested synergistic action between these 
two drugs. Futhcr studios are needed. 

Closure of tuberculous ulcers of the tongue was recorded by Shamaskiu 
(18) and by Wolfer cl al. (19) 
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SKIN INFECTIONS 


Little has been written about the use of stieptomycin topically iu cu- 
taneous diseases. This probably is due to the fear of sensitization reactions 
inculcated by untoward experiences with such reactions in topical penicillin 
therapy. 

Several diseases are relegated to this section. Some of these are clearly 
defined entities with clear-cut etiology, such as lupus vulgaris, impetigo, 
and pustular folliculitis; others, such os infectious eczematoid dermatitis, 
may well have a double etiology: a primary contact eczema may, for ex- 
ample, become secondarily infected with staphylococcus or other bacteria. 

In general, proper treatment of skin diseases with antibiotics differs in 
no wise from the ideal procedures and goals set in other branches of medi- 
cine. 

The specific causative organism should be determined wliere possible, and 
the particular drug selected according to the sensitivity of the organism to 
it, and in terms of the sensitizing potentialities of the drug in a particular 
case. In cases caused by organisms sensitive to streptomycin, immediate 
benefit from use of the drug is observed. In general, these cases include 
the pyodermas due to gram-positive organisms, stasis ulcers, and dermato- 
phytosis secondarily infected with gram-positive and sensitive gram- 
negative organisms. 

The means of administration depends upon the type and extent of the 
disease to be treated If the cutaneous disease is extensive or essentially 
of systemic character, parenteral administration is indicated according to 
schedules and dosages outlined elsewhere by other authors in this book. 
If the disease is of limited extent and more strictly of cutaneous nature, it 
should be treated topically, with the drug mcluded m either a grease cream 
or a gel base, in concentrations of about 5,000 units/gm (1, 2). Prior to 
application of the ointment, the skin should be thoroughly cleaned with 
soap and water and all the crusts, scales, and other detritus removed. 
Streptomycm ointment should be apphed at least four times a day. 

The physician should be aware of the possibility of inducing cutaneous 
sensitization through application of streptomycin to the skin. Goldman 
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Costigan (20) and Jacobson and Cloward (21) reported cases of actino- 
mycosis cured with streptomycin. Costigan used 250,000 units paren- 
terally every 3 hours for 5 days with no other therapy. Jacobson combined 
streptomycin with penicillin and sulfonamides. Dunham and Rake (22) 
demonstrated that penicillin G is approximately 3,000 times as effective 
as streptomycin against the spirochete of syphilis. 

Paget (23) considers the value of streptomycin in treatment of leprosy 
to be still unsettled, and Cuttle (24) reported failure in one case. The 
problems raised by the taxicity of the drug during long-continued use are 
as evident here as in the treatment of tuberculosis. 

The pathogenic fungi other than Actinomyces and Nocardia are, in 
general, not sensitive to streptomycin (25). Therapeutically, therefore, 
streptomycin is of no value against most fungal infections. From the 
diagnostic point of view, however, both penicillin and streptomycin are 
extremely useful. When added to culture media used in the isolation of 
pathogenic fungi, they suppress sensitive bacteria and permit easy isolation 
in relatively pure culture (26). For practical purposes, a concentration of 
25 units of each drug per milliliter of medium can be used Addition of 
oxgall and crystal violet (1 : 100,000) to the medium containing the penicillin 
and streptomycin markedly retards growth of saprophytic fungi also, thus 
furthering isolation procedures (27, 28). 
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ClIAI'TER 40 

TOXICITY OF STREPTOMYCIN IN THE IIUJIAN 


Stieptuinycin isj ii leiisonubly »ufe antimicrobial wlicn udmini'i- 

leiecl to tlie human. In iccommended dosage schedulph, with w ise clinical 
observation and with sufficient laboratory tests, it can lie given a ithout fear 
of sudden catastrophe. There arc, however, definite untoward reactions 
wliich prevent its widespread and indiscriminate prescription to the human. 
These are negligible in number and severity with parenteral administration 
of no more than 4 gm daily for periods of Icss tlian 7 days. When longer 
administration of streptomycin is contemplated, multiple laboratory obser- 
vations are recommended, to be performed concomitantly throughout the 
duration of tlierapy, liecausc its extended use in the human is accompanied 
hy a calculated risk of significant proportions from toxic react ion.s. It is an 
established fact that most individuals receiving streptomycin for longer 
than 1 week will demonstrate one or more of these reactions. 

The incidence of reactions increases m dircet relation to total daily dose, 
a striking inciease occurring with doses of more than 1 gm daily ffig 80 and 
table 80) The data are taken (with few niodification.s) dnectly from a 
study of tubeiculosis made cooperatively by the Army, Navy, and Veterans 
Administration (1) With daily doses of 1.8 to 2 gm for 60 to 120 days, 
there is an appreciable increase in the incidence of toxic leactions in every 
catcgoiy over those expenenced with the administration of 1 gm With 
0 5 gm daily, there is a further decrease m number of most reactions The 
leduccd frequency of toxic reactions following the administration of I gm 
dally in two, rather than five, divided doses is difficult of intcipietation. 
In the latter case (five doses) thcie will be maintained, in the serum of 
patients, constant concentrations of streptomycin of significant propor- 
tions In tlie othei instance, there will bo periods between the two peak 
concentrations during which no sticptomycin is demonstrable in scrum. 
This fiec period may be of significance in allaying toxic reactions, but 
other studies to dctcimme the validity of this variation have not been 
porfoimed 

Under certain other circumstances, toxicity incieases, for example, fol- 
lowing intraspmal injections and in the picsencc of pre-existing kidney 
damage 
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Many of the uiitowuid side reactions aie icvci-siblo, and appreciable 
numbers are clinically unimportant. Some icactions aie iiievorsible and 
may impose a hazaul upon the individual gicatcr than the hazard of the 
infection being treated. 

TABLE bO 


Toxic iiianifestalions oj streplomycin encounleicd in trcalment of 
I,7St tuberculous pattcnls 


llegimcii 1 

1. 8-2.0 gm 

1 0 gm 

1 . 0 gm 

0 5 gm 

60-120 days* 

120 days 

120 da>s 

120 da>s 

Number of daily injections 

5 

5 

2 

2 

Number of patients tieatcd 

848 

321 

445 

137 

Toxian 

isaoc-sce 


per teat 

per cent \ 

per cent 

per cent 

Vertigo 

76.5 

34 3 I 

23 1 

5 8 

Caloric stimulation, absent response 
Caloric stimulation, diminished rc- 

35.8 

10.3 

5 4 

1 

0.0 

spouse 

28.6 

23.9 

mO 2 

22.8 

Hearing diminution, voice 

2 2 

0.3 ' 

0 2 

0.0 

Hearing diminution, audiometer 

15 2 

4.0 : 

9 5 

11.7 

Henal function, reduction 

9.0 

7 8 1 

5 8 

2.2 

Albuminuria . . 

23 2 

17 1 ! 

11.0 

15 3 

Dermatitis, severe 

3 7 

1.2 

1 1 

0 7 

Dermatitis, mild 

8 8 1 

5.0 

4 7 

2 2 

Easinopliilia, 0 per cent or more 

59 7 

36 8 

34 6 

31 5 

Fever 

4.9 

0.0 

1 8 

0 0 

Wood d)i>crasia 

1 0 

0.9 

0 7 

0 7 

Compelled ccs'^ation of therapy 

8 5 

5 0 

2 0 

1 0 0 


* The percentages in this column are the coirected and combined figures from 
columns 1 and 2 of the original Veterans Administration table. It is considered fair 
to combine them, as lot.il daily dosage and number of daily injections in the Veterans 
Administration columns .are the s.'ime; only the iluratioii of treatment (CO and 120 
dajs) differs 


ACUTE TOXICITY 

The acute toxicity of parcntcrally administered streptomycin in the hu- 
man has not been well described Molitor, Gmesslc, Kuna, Mushett, and 
Silber (2) have shown in animals that the LD50, with purified materials, is 
about 1.5 gm/kg body weight. ^Uthough no studies using single amount.s 
of this order have been made in the human, the reported acute disasters 



526 


CLINICAL 


from the use of streptomycin (3, 4) have resulted from total daily adminis- 
tration of only 6 to 8 gm in divided intramuscular doses. Thus in the 
human, the critical toxicity seems to be in the range of 150 to 200 mg/kg; 
in clinical practice it is scarcely necessary to approach these amounts per 
day. The evidences of acute toxicity in the human are most often those of 
an acute reduction of kidney function. Other indications of acute toxicity 
have been variously described, including listlessness, semistupor, decreased 
respirations, slowed cardiac rate, and, rarely, coma; all of these indicating 
that streptomycin in large amounts depresses the medulla. Finally, at 
least one case of thrombocytopenia (3) has been reported udth a daily dose 
of 6 gm. No antidote for streptomycin toxicity has been described. 
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age of toxic manifestations 


Chronic Toxicity 

Toxic reactions in the human from prolonged exposure to streptomycm 
can be conveniently divided into five categories. They will be described 
in order of their importance to the host. It must be emphasized agam 
that all are manifestations of chronic toxicity and that, in general, with 
dosage of 1 to 3 gm daily, commonly necessary in short-term therapy of 
acute infections, toxicity is not a problem. If a reaction does occur withm 
a short period, it will fall into one of the categories to be described. Insofar 
as is possible, descriptions of reactions due to impurities formerly present 
in commercial preparations of streptomycm will be avoided. Adequate 
descriptions of these reactions, mcludmg that produced by the histamine- 
like substance associated mth preparations of streptomycm in use prior to 
1946 can be found in various papers cited m the references. An attempt 
will be made to distinguish patent evidences of toxicity due to impunties 
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not yet separated from commercial preparations from those due solely 
to streptomycin itself. In many of the categories this cannot be done wth 
accuracy. The five general types of toxic reactions are : (a) a neurologic 
disorder of the eighth cranial nerve characterized by a loss of labyrmthine 
function and, rarely, by deafness; (b) a variety of irritative phenomena ob- 
ser\-ed following topical and parenteral administration; (c) a nephrotoxic 
effect; (d) various manifestations of hypersensitization; and (e) a group of 
lU-defined complications of unknown importance. 

Eighth cranial nerve 

The principal value of streptomycin will continue to be in the therapy of 
tuberculosis. As it is necessary to provide the tuberculostatic agent for 
several weeks to attain the desired result, and as prolonged administration 
of streptomycin is frequently complicated by a unique derangement of the 
eighth cranial nerve, the neurologic reactions assume greatest importance. 
Together with the development of resistant organisms, this complication 
imposes a most serious hazard to prolonged use of the drug. 

VESnuULAR 

The toxic effects of streptomycin on the human nervous system center 
about disturbances of function of the eighth cranial nerve. Though both 
vestibular and auditory functions are altered by the agent, it is the equi- 
hbratory mechanism which is more sensitive and more frequently and more 
permanently damaged. It is noteworthy that there is wide variation in 
degree of disturbances. 

Symptoms of vestibular disarrangement lag far behmd evocable signs. 
The most commonly encountered symptom is a sensation of giddiness in 
the upright position. This is distinguished by the absence of rotatory 
sensation. It is rather a misinterpretation of movement, so that there is 
a failure to appreciate termination of motion; the patient "mentally past 
points.” In addition to this complaint the patient finds that sitting up, or 
standing, is possible only with conscious effort, and generally not at all 
possible Avith the eyes closed. 

These acute vestibular symptoms are usually ushered m by a generalized 
headache of moderate intensity and short duration, lasting only a day or 
two. During the course of acute equilibratory difficulty, nausea and vomit- 
ing are commonly noted, usually precipitated by efforts at coordinated 
movements. Vestibular symptoms run an acute- course lasting 7 to 10 
days and then, often overnight, give way to a chronic state in which only 
sudden rapid movements elicit the linear vertigo. 

With subsidence of the acute phase, there remains a state of vestibular 
hypofunction which arouses no symptoms in the patient confined to bed. 
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from the use of streptomycin (3, 4) have resulted from total daily adminis- 
tration of only 6 to 8 gm in divided intramuscular doses. Thus in the 
human, the critical toxicity seems to be in the range of 150 to 200 mg/kg; 
in clinical practice it is scarcely necessary to approach these amounts per 
day. The evidences of acute toxicity in the human are most often those of 
an acute reduction of kidney function. Other indications of acute toxicity 
have been variously described, including listlessness, semistupor, decreased 
respirations, slowed cardiac rate, and, rarely, coma; all of these indicating 
that streptomycin m large amounts depresses the medulla. Fmally, at 
least one ease of thrombocj'topenia (3) has been reported with a daily dose 
of 6 gm. No antidote for streptomycin toxicity has been described. 
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CnnoNic Toxicirr 

Toxic reactions in the human from prolonged exposure to streptomycin 
can be conveniently divided into five categories. They will be described 
in order of their importance to the host. It must be emphasized again 
that all are manifestations of chronic toxicity and that, in general, ^vitb 


as IS possible, descriptions of reactions due to impurities formerly present 
in commercial preparations of streptomycin ^viU be avoided. Adequate 
descriptions of these reactions, includmg that produced by the histamine- 
like substance associated with preparations of streptomycin in use prior to 
1946 can be found in various papers cited in the references. An attempt 
will be made to distmguish patent evidences of toxicity due to impunties 
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characterized by vertigo and spontaneous nystagmus, the usual picture of 
the toxicity is depression. 

Tlieie is wide variation in appearance of vestibular dysfunction in hu- 
mans, even after the same dose of streptomycin. Many workers have 
shown tliat doses of a gram a day, or less, aie tolciated by most patients 
for as long as 4 to G weeks without clinical toxicity. McDermott (3) found 
that signs of depressed function appeared after 4 weeks on 1 to 2 gm a daj’ 
and late in the third week on 3 gm a day. Theie are, of coiiise, many 
exceptions; reactions have been reported as early as the seventh day and as 
late as () months, and many individuals never demonstrate abnormal 
balancing mechanisms. Explanation for the faihiic of development in 
significant pioportions of patients receiving large daily doses for long 
periods cannot be offered 

The effect of total daily dooage upon the incidence of vestibular damage 
IS impressive. It appears that, on a schedule of more than 1 gm a day, 
administration of 50 to 00 gm produces toxicity and the reaction is appar- 
ently a direct function of total dosage. This is shown in stiiking manner in 
table 80 and in figure 80. The scries of cases include only those with pre- 
sumably normal kidneys who had no other central nervous system disease 
and in whom streptomycin was given only intramuscularly. The incidence 
of subjective vertigo with I gm is about 29 per cent and with doses of 1.8 
to 2 gm it is 70 per cent. With further reduction of daily dose to 0.5 gm 
daily, less than 10 per cent of the patients note vertigo. Objective evidence 
of disturbed balancing is also sliown to be less after 0.5 to 1 gm daily than 
that following 1.8 to 2 0 gm, the reduction being fourfold to sixfold. 

With inflammation of the brain and/or its coverings, streptomycin moie 
readily penetrates the hcmatoceplialic barrier Hence neuiotoxic signs 
and symptoms appear earlier, probably because of higher local concentra- 
tions. With intrathecal injections of streptomycin, in which the same sit- 
uation obtains, the eighth nerve again is damaged earlier and more fie- 
9uently. It has been observed that vestibular damage has occurred in 
individuals as early as 4 days in this ciicumstance In instances of de- 
layed excretion of stieptomycm because of kidney disease, blood and sub- 
sequently central neiwoiis system conccntnitions of streptomycin are ak^-o 
maintained at gicatcr levels, increasing the incidence 

Ihe di'ss.ociatioii of ny^tagmuf. and vertigo from past pointing and re- 
bound phenomena indicates danrage to central st nicluies, that is, the vestib- 
ular nuclei, ratlicr than to the labyniith or vestibular brunch of the eighth 
cranial neivc. Pathological studies attempting to localize tlie damage 
causing vcstibulai hypofunction have not Ijcen fniitful Two of five pa- 
tients (lying after laige doses of streptomycin and vestibular hypofunction 
showed necrosis of the inferior vestibular nuclei, according to Stevenson, 
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Attempts to move suddenly, to balance on a chair, or more important, to 
ualk, bring out the latent defect. There is genuine ataxia, producing 
staggering, which decreases with practice, primarih' in use of the eyes as 
vestibular organs. This second phase of vestibular disturbance lasts 
about GO daj’s on the average and then merges graduall}' with a state in 
which symptoms are latent, completely compensated but evocable by 
clo-sing the e^'cs. Second attacks of acute symptoms in the same patient 
have been reported. 

The first recognizable signs of damage to equilibration from streptomycin 
are evidences of “mental past pointing” — at the end of a movement, the 
eyes tend to drift a bit before focusing. In extreme cases there may be 
ixjndulum movements of the tnmk, like those seen in a bilaterally laby- 
rinthectomized animal. -Vs the acute phase proceeds, the patient ma\' not 
be able to sit up without support. The Romberg test is positive, without 
consistent direction. Spontaneous nystagmus, though reported by several 
obsen-ers, is unusual (4). It should be noted that although the patient 
has a sensation of continued motion after stopping, no tnie past pointing is 
actually noted by the examiner. 

When the acute phase of vestibular toxicity subsides, signs of lij'po* 
function gradually diminish. The ataxic gait improves, pendulum move- 
ments of the trunk and delay in focusing the eyes disappear, and in most 
cares the Romberg test becomes normal. In extreme eases of toxicity, 
however, there is permanent ataxia in the dark and a positive Romberg 
Decrease in muscle tone has been noted by one group (o). 

Laboralorj’ evidence of vestibular derangement depends on reduced re- 
sponse to labyrinthine stimulation, that is, to caloric, rotation, and elec- 
trical stimulation tests.” Diminished response is evidenced by slowing, 
delay of appearance, or absence of nystagmus after stimulation by ice 
water, hy rotation, or by galvanic current. Electrical measurement of 
rate of nystagmoid eye movements in animals reveals slowing e\cn when 
the movements appear after a normal interx’al, long before delayed nys- 
tagmus or ataxia is noted (C). 

The abnormality of labyrinthine function is a bilateral symmetrical 
depression. -Uthough instances have been reported of an irritative effect, 

‘ Practical testing of vestibular function of a bedridden patient is beat accom- 
plished by Kobrak caloric test or some modification of it normal labyrinth 
stimulated by icc water in the external auditory canal produces nxstagmus in some- 
what less than .a 40 second latent period Nystagmus, once initiated, persists .at 
least twice as long as the latent period. Delay in onset of nj stagnius or reduction in 
its duration indicates depression of labyrinthine function. Other methods of recog- 
nizing abnormal xcstibular function arc the electrical stimulation and rotation tests 
These are needed only m detailed studies upon the subject, as neither offers a better 
diagnostic aid than caloric slimulat.oi. 
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sound which may persist for 1-i days after the drug is discontinued The 
occurrence of high-pitched instead of low-pitched tinnitus has been noted; 
this apparently does not lead to deafness (5). 

Deafness occurring in the course of therapy with streptomycin has been 
studied audiometrically. Brown and Hinshaw (5) emphasized the inci- 
•dence of low-tone deafness, but Fowler (10) has shown that high-tone deaf- 
ness also occurs, though less often. All deafness noted has been over 35 
decibels. It is noteworthy that audiometries are normal until tinnitus is 
experienced (4). Early recognition of hearing loss, in the presence of 
tinnitus, cannot be diagnosed without the aid of an audiometer because 
first loss is usually outside the range of conversational tone. 

Measurable hearing loss is observed in 4 to 15 per cent of patients re- 
ceiving streptomycin for longer than 7 days (see table 80). The variation 
depends almost solely upon total daily dose, but duration of c.xposure may 
also play a role in the production of the defect Generally, the incidence of 
deafness is higher in those patients who receive larger amounts of strepto- 
mycin, It is significantly higher in those who have kidney disease and in 
those receiving streptomycin by the intrathecal route. In both instances 
high concentrations of streptomycin within the central nervous system will 
he attained and maintained. 

Liquefaction necrosis in the ventral cochlear nucleus of four patients 
dying of meningitis, Avho had received streptomycin, was described by 
Stevenson, Alvord and Correll (7). They also noted similar changes in the 
brains of three dogs given large doses of streptomycin. Others (2, 8), 
studying human and animal material, have failed to demonstrate these 
pathological changes. 

Diminished auditory function is less important than vestibular changes, 
for several reasons: the incidence is less; there is a premonitory symptom 
tinnitus; when the drug is discontinued at the appearance of tinnitus, no 
permanent impairment of hearing ensues (4, 5, 11). Practically, auditory 
apparatus damage may be avoided by keeping the dose of drug at the 


itself and not by impurities associated with it in its production (2, 4). 

Local reactions 

For practical purposes streptomycin is generally administered by the 
intramuscular route, the usual site of inoculation being the buttock. Oc- 
casionally, following a single injection, pain, swelling, and induration result 
at the site of inoculation. Onset of the reaction is immediate and there is 
a short-lived, benign course, measurable in hours or a few days at most. 
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Alvord, and Correll (7) . Investigations of other obsen-ers (6, 8, 9) \\ orking 
with post-mortem material, both animal and human, have failed to con- 
firm this finding. Studies of the labyrinth itself and the vestibular branch 
of the eighth nerve are now under way. 

Demonstration of the characteristics of vestibular toxicity due to 
streptomycin has had profound effects on the use of the drug. The de- 
liberate administration of amounts which have been shomi to cause per- 
manent loss of at least the linear modality of vestibular function is logical 
only where its use is definitely lifesaving. In such a situation, vestibular 
damage is of little importance. 

Patients u’ho have received amounts that produce cquilibratorj’ defect 
eventually accommodate well enough to it to show significantly little clini- 
cal impairment. This is due entirely to the ability of the&e patients to use 
maximally extravestibular means of determining position and movement, 
that is, ocular and deep proprioceptive sensation. The resulting loss of 
balancing mechanism is a serious handicap, even with reasonably good 
adaptation, in patients who depend on fine coordination for their livelihood. 
Patients in the younger age groups (2 to 30 years) compensate for the 
vestibular defect readily, usually within a few months after onset of the 
damage. In the older age groups, compensation is not readily attained. 
This is due probably to a combination of factors, including inadequate 
vision and failing muscular coordination from prolonged underuse (hypo- 
tonicity). 

The toxic effects can be avoided. WTierever possible, the dose of strep- 
tomycin should be kept at or below a gram a day, irith proportionate ad- 
justment for the patient's size and kidney function. Careful obser\'ation 
of the patient, preferably by means of frequent caloric tests, should be con- 
tinued throughout administration of the drug, particularb’ when pro- 
longed use is contemplated. Appearance of symptoms of vestibular hjiio- 
function, such as ataxia, or of headache, should suggest neurological toxicity 
and lead to discontinuance whenever feasible. Fowler (9) has shonn in 
animals and humans that antibistaminics protect measurably against 
vestibular damage. This deserves further study before clinical deductions 
can be made Protection may also be afforded by desensitization, using 
graduated doses of the drug This latter is, of course, not practical clini- 
cally because of the development of bacterial resistance. There is no 
specific treatment that wall alleviate the vestibular defect once eatablislied. 
auditory 

Streptomycin also has toxic effects on the auditorj' apparatus Theae 
are indicated by tinnitus, appearing 1 to 10 days after the drug is started, 
and followed by deafness of some degree after a few days if the drug is 
continued. The tinnitus is described as a continuous low-pitched, roaring 
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nervous system of the adult invariably gives rise to some degree of pain and 
produces pleocytosis in the spinal fluid. The pain is more severe and con- 
stant than can be accounted for by trauma associated with the procedure 
and is less acute but of the type described following injection of larger 
amounts. The degree of pleocytosis varies. As the material is not given 
intrathecally without evidences of central nervous system infection, it is 
difficult to evaluate the exciting cause of pleocytosis. In the few studies 
upon normals, it has been noted that as many as 200 to 400 cells per cubic 
millihieter may appear after single injections. 

In infants and children similar reactions occur, but safe intraspinal dosage 
is less precisely defined Single injections of 2 mg/kg to a total maximum 
of 25 mg are reasonably free of jjTjtative potentialities, though pam and 
convulsions have been observed The lecommended dose in children 
weighing between 12 and 25 kg, regardless of central nervous system in- 
fection, is 25 mg. Adult dosage can be utilized in children weighing more 
than 25 kg. 

Many reactions have been reported following intrathecal administration 
but have not received adequate study for complete understanding. Head- 
ache, vomiting, and nausea are frequently encountered with 100 mg or 
more streptomycin and occasionally with less. Cephalalgia, often in tho 
cervical region, once initiated, persists for many hours and may bo noted 
for as long as the repeated injections aie continued. Somnolence has been 
obseived; and slowing of respirations, tempomry retention of urine, and 
tiystagmus may persist for as long as 12 hours after an injection. Delirium, 
rise in temperature, cyanosis, dyspnea, and bradycardia have also been 
reported. All of these reactions are probably due to the irritant cITect of 
streptomycin upon the brain stem. 

The maximum amount of streptomycin that can be administered intra- 
thecally in a single injection to the human is unknown. In e.xpcrimental 
animals (monkeys and cats), strcptoinycm has pioved to be unusually 
irritating in large doses, but, as has licen observed clinically, irreversilile 
reactions are set up only with the use of amounts considerably greater than 
those neccssarj’ for thciapeutic purposes. Ataxia, inability to stand or sit, 
tremor of head and spontaneous nystagmus, decreased cortical activity, 
and Convulsions have been obser>'ed after intracisternal and intracerebral 
injections of more than 1 gm sticptoraycin. Amounts of mote than 200 
mg Would never conceivably be necessary in the human. One milligram 
I)cr kilogram body weight with a maximum of 50 mg gencuUly piovides 
adetjuate concentiations of .streptomycin In spinal fluid, yet is a-saociafed 
"ith few .severe reactions. 

Tile production of pain and pleocytosis cannot be avoided with intia- 
thccal administration of streptomycin. The irritative reaction is probably 
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The irritation is not foHoued bj* s^'stcmic reaction, and specific therap}’ b 
not required. The agent may be continucti liy the simple expedient of 
utilizing another mu.'^cle group for the depot. The reaction is obsen-cd 
after the injection of any of the various salts of strcptomj'cin, and no eom- 
niercially available material is completely free from this potentiality. In 
general, after intramuscular administration of streptomycin, local reactions 
are no more frequent than that observed follo\ring administration of 
aiiueous penicillin. 

In direct contrast to the safety with which streptomj’cin may be admin- 
istered intramuscularlj', serious and often irreversible complications fre- 
quently occur at the time of, and subsequent to, intrathecal injections 
(table 81). The clinical picture- of such reactions is variable, unpredict- 
able, and on many occasions not separable from neurologic abnormalities 

TABLE SI 


lUacliona after intraapinal tnjtrttont of ttreptomycin in seienly-firc patUnti 
tcilh tuberculous meningitis 


IS-TtATHECAt. DOSE 

siKBEx or 
rAiiENn 1 

TEMTOEAkt rAEATUClA 

' SEACIE STEtTIOorrAI-HVITII 
AkSOEMAE lEfLEXEk 


Xunber 

Percent 

I S'unber 

1 Per cent 

Mf 

50 

17 

0 

0 0 

1 1 

{ 5 9 

100 

50 

3 

6 0 

2 

1 4.0 

200 or more 

8 

3 

37 5 

, “ 1 

i 0.0 

Totals 

75 

6 

8 0 

! ^ i 

4 0 


of the disease being treated. Intraspmal injections of 100 mg or more of 
streptomycin in the adult are frequently followed by moderate to sexere 
neurologic disturbances (table 8l) These are marked peripheral neurop- 
athies, hyperactive deep reflexes, and severe root pains, often controllable 
only with narcotics. The pam characteristically has an abrupt onset with 
the first few drops of the injection, is sliarp and stabbing, and radiates down 
l)oth legs The sensation, worse usually on the dependent side, persists 
for .several hours and may last for 21. In a significant percentage of cases, 
paraplegia develops following intrathecal administration of 100 mg or 
more Six instances of transx'crse myelitis (table 81) were obsen-ed in a 
small series of seventy-fixe cases (11), and it was neccssarj' to interrupt 
therapy in all because of the complication. In five of the six, reinstitution 
of intrathecal therapy, using lesser amounts, was accomplished unevent- 
fully at a later date, and fortunately the paraplegia was temporarj' in each. 

Streptomycin administered in doses smaller than 100 mg into the central 
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of streptomycin, cylindruria ceases promptly. The appearance of these 
sedimental elements throughout a treatment period occurs intermittently 
or IS constant. Hematuria has not been obscr\’cd with cyhndruria. Uri- 
nary casts alone are of little significance, but m few individuals they are fol- 
lowed by other evidences of kidney irritation, including albuminuria and 
decreased renal function. 

Albuminuria is observed with long-term administration of streptomycin 
in about 20 per cent of all cases (table 80). Although indicative of renal 
irritation, it, like the appearance of increased numbers of sedimental ele- 
ments, lias not been considered a contraindication to continued therapy. 
Rarely does the degree of proteinuria reach appreciable amounts; ordinarily 
only small amounts leak (3 to 5 gm a day or, more grossly, 1 to 2 plus, by 
the heat or acid test). Like the presence of increased numbers of casts, 
albuminuria does not excite symptoms. First evidences of proteinuria can 
be expected within the first week but usually come on at a later date. 

The figures in table 80 indicate that some reduction in renal function 
occurs in a significant percentage of cases (5 to 10 per cent) and was of 
sufficient clinical importance in the represented series that streptomycin 
jvas discontinued. Irreversible damage, of serious import, presents itself 
less often (1 to 2 per cent). Evidences of interference in tubular function 
become apparent with decreasing values of urea clearance, phenolsulfon- 
phthalcin excretion, in retention of nitrogenous products m blood, and in 
he power of the kidney to concentrate fully or to dilute urine. As these 
ndmgs appear relatively slowly, the trend of the pathological situation 
can be accurately determined prior to the decision to interrupt or to dis- 
continue completely further administration. Because the process is m- 
si ous, only with careful laboratory observations can the damage be dis- 
covered and assayed. With cessation of streptomycin, it is usual for the 
Unction tests to return toward normal and many return to complete 
normality. Irreversible damage may occur with continuation, but this is 
not necessarily observed in all instances 

The incidence of serious complication is appreciably higher in patients 
" o have pre-existing kidney disease of any type. In a series of patients 
With genito-urinary tuberculosis treated at the Bronx (N. Y.) Veterans 
* ministration Hospital (12), the incidence of severe renal damage was 
twice tliat observed in similar studies on patients with pulmonary disease. 

IS conceivable that in this circumstance, retention of streptomycin in 

ood may add to the irritant effect upon the damaged kidney. This situa- 
lon is ill advised, not only because further kidney damage is thus poten- 
la ly excited, but also because the relationship between high blood levels of 
streptomycin and early occurrence of grax’c eighth cranial nerve damage is 
mjinifcst. On the other hand, the existence of known kidney disease does 
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due to the chemical, and it is unlikely that completely purified preparations 
will be entirely innocuous to the central nervous system coverings. The 
reactions can be avoided by the simple expedient of not using the intra- 
spinal route for administration. Severe reactions can be prevented by 
injecting single amounts of less than 100 mg and as dilute as is practicable. 
With proper indication for the intraspmal use of streptomycin, the imta- 
tive phenomena must be endured. 

Streptomycin can be safely introduced into other body cavities without 
harmful effect Concentrations of the material of 10 to 25 mg/ml saline is 
nomrritating to either the pleural or peritoneal serosa As much as 0.1 
gm/ml can be deposited in the peritoneal cavity ^^ithout hazard, and 0 5 
gm/ml in urinary bladder jdelds no ill effects. Topical application to 
wounds, utilizing 0.2 to 0 5 mg/ml saline does not produce undesirable side 
effects and ten to tuenty times that concentration can be nebulized safely 
Maximal concentrations have not been described. Solutions containing 
as much as 20 mg/ml can be used locally in the eye ^vithout significant 
danger, and similar concentrations applied to the external auditory canal 
and in the nose are nonirritating. 

Pain and irritation at the site of subcutaneous inoculation limit the use- 
fulness of this route. As absorption from a subcutaneous depot is little 
different from that of an intramuscular one, this method of administration 
IS rarely utilized. Complications do not occur from the ingestion of strep- 
tomycin. Instillations into joint spaces and into the pericardium have not 
been reported, but in view of the experiences recited above, it can be pre- 
sumed that streptomycin in similar concentrations would provoke no 
serious irritative phenomena 

Kidney reactions 

Interference mth renal function produced by streptomycin constitutes 
an important disability, although serious reduction m kidney function is 
not common Cylmdruna may frequently appear ^vithin 48 hours after 
streptomycin is first administered parenterally (table 80) Hyaline and 
granular casts are found m varying numbers, and if therapy is continued for 
longer than 7 days, most individuals (50 to 70 per cent) uill excrete them. 
The number found in a centrifuged urine specimen varies from 3 to 20 per 
high-powered microscopic field In acid urine (pH 5), the number of casts 
increases. With alkalinized or neutral urine, the cylmdruria is minimal or 
absent. It is unlikely that the maintenance of alkaline urine assures pro- 
tection from kidney damage due to streptomycin. Casts are more soluble 
in such a medium It is virtually certain that numerical reduction in a 
medium of pH 7.5, or higher, merely mdicates their dissolution in the un- 
Mry bladder, after their formation m the kidney tubules. With cessation 
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dosage of streptomycin can be icdiiced, interrupted, or (hscontinucd 
entirely. 

Manifestations of hypersensilizniion 

Stieptomycin, like other chemotheiapeutic agents, is capable of being 
antigenic. Various evidences of sensitization phenomena are commonly 
obser\-cd in patients leceiving it for 5 or moie days. The reactions include 
coMnophilia, fever, rashes, and, on occasions (I to 2 per cent), e\fohati\c 
dcimatitis (table 80). Of these, eosinophilia alone is the most common. 
Though each may appear alone; all may occur together. The produc- 
tion of allergic reactions is a property of streptomycin itself, as Molitor 
<■1 at. (2) and Farrington (4) have observ’ed in their studies with “puie” 
materials. The development of allei^ to streptomycin in humans appar- 
ently IS not dependent on hereditaiy factors. 

Eosinophilia (table 80) of more tlxan 5 per cent is seen in more than 30 
per cent of all individuals receiving streptomycin. The numbers of these 
cells vary throughout the exposure period. They may appear early and 
remain in elevated numbers; they may appear intermittently, reaching, on 
occasions, as many as 70 per cent of all circulating white blood colls; or 
they may be present for only a few days, their occurrence coming on at any 
time during the administration of streptomycin. Usually the eosinophilia 
begins between the 0th and tlic loth day of exposure, but its onset within 
2 days and after 90 has been reported. Following discontinuation of 
streptomycin, the number of eosiDophiles decreases progressively to normal 
limits. In itself, eosinophilia is not a leaction that requires cessation of 
streptomycin, nor does it necessarily indicate serious sensitization Its 
presence is disturbing only because the phenomenon represents an alleigic 
state, and moie serious untoward allergic reactions me potential in the 
ftroup e.xhibiting it 

The incidence of eosinophilia is less in individuals receiving 0 5 to 1 0 gm 
^tieptomycm daily for 120 days than in those leceivmg more than 1 gm 
(table 80). Tins ditfeicntial, due to the size of total daily dose, is not an 
unusual allergic phenomenon There is, thus, a distinct advantage in 
using small amounts of streptomycin, for with a lessened incidence of 
eosinophilia, potential danger from other mote serious allergic reactions is 
leduced Duiation of tieatment also affects the incidence of reactions — 
the longer the e.vposuie, tlie gieatcr the incidence. This observation prob- 
ably reflects the influence of total drug admmistcied, not extent of cxposuic. 

Eosinophilia is the only manifestation of allergi’ in most instances, cu- 
taneous eniplions being observed in only 2 to 9 per cent of all cases (tabic 
SO) The rash appears early, after 7 to 10 days, usually with eosinophilia, 
anil 1 .S most commonly maculopapularaiid pruritic. Other tyjxJs are seen — 
urticarial, morbilliform, scarlatiniform, macular, erythematous, and, rarely, 
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not preclude the use of streptomycin, for it must be emphasized that this 
serious reaction is, at the irorst, uncommon; most individuals will ml 
develop further impairment of renal function. With its necessarj' adminis- 
tration in the face of kidney disease, close clinical observation is required, 
with frequent determinations of kidney function and examination of urine 
specimens. Total daily dosage of stieptomyciu should be leduced at the 
first evidences of kidney damage ; with evidences of continued irritant effect, 
administration of the drug should be discontinued. If further damage is 
not observed with lowered dose, streptomycin may be continued i\ith 
caution. McDermott (3) reports a case whose kidney damage became 
apparent early in the course of streptorajxin therapy, but because of the 
gravity of the patient’s disease, the drug was continued. The renal in- 
sufficiency, incomplete but of serious proportion, remained at a low level 
for 3 montlis of streptomycin therapy, but during the 4th month, kidney 
function was partially reversed toward normal. Minimal albuminuria and 
cylindruna persisted, but renal function tests returned to normal during the 
posttreatment period 

Pathological studies on kidneys of mdividuals dying from kidney failure 
during administration of streptomycin, and presumably induced by strep- 
tomycin, are few. In one report of a patient succumbing in uremia after 
5 days’ therapy with great doses of strcptomycm, careful pathological 
studies are recorded (3) An extensive tubular necrosis, particularly of 
the pro.ximal convoluted tubules, is described The epithelial pattern is 
not unlike that observed m cases of mercury poisoning Molitor ct al. (2) 
in their .study of chronic tovjcity also described tubular necrosis m the dog. 
Fatty infiltration of kidneys with definite lipoid deposits in the parenchyma 
of kidney is the more common result of streptomcycin toxicity in animals 
This lattei change i* reversible, and it seems unlikely that the lesions aie 
similar to the tubular changes in the case reported by ilcDermott (3) It 
IS possible, of coui'se, that fatty metamorphosis m the human occurs early 
and frequently, but there is no description of such changes in autop\\ re- 
ports of patients who, prior to death during therapy with streptomycin, 
exhibited cylindruna In this group no mention has been made of any 
kidney pathoJog>' presumably produced by the agent. 

All clinical evidences of lenal toxicity, appearance of casts, albumin, 
and reduction in function indicate that stieptomycin is an irritant of kulne}' 
tubules alone, and fnitlier, until additional infoimation is available, the 
nephrotoxic action must be considered to be due to stieptomycin itself 
“Pure” materials pioduce the cliange'- as frequently as do le&s pin died oiie> 

The irritant effect cannot be pievented, ciicumventcd, oi adequately 
treated when present Serious reactions can, of course, bo avoided by 
caieful observation of patients and, dependent upon clinical indications, 
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dosage of streptomycin ciin be reduced, interrupted, or discontinued 
entitely. 

Manifcstalions of hypcrscusitizaiion 

Stieptoinycin, hke otlier chemotherapeutic agents, is capable of being 
antigenic. Various evidences of sensitization phenomena me commonly 
ohseivcd m patients leceiving it for 5 or moic days. The iciictions include 
coMnoplnlia, fever, rashes, and, on occasions (1 to 2 per cent), exfoliative 
dennatitis (table 80). Of these, cosinophilia alone is the most common 
Though each may appear alone; all may occur together. The produc- 
tion of ullcigic reactions is a property of streptomycin itself, as Molitor 
il aL (2) and Farrington (4) have obscrvcil in their studies with “pme” 
materials. The development of allergy to streptomycin in humans appar- 
ently IS not dependent on hereditary factoi's. 

Ko&inophilia (table 80) of more than 5 i)cr cent is seen in moie than 30 
per cent of all individuals receiving streptomycin. The numbers of these 
cells vary throughout the exposure period. Tliey may appear early and 
leiiiain in elevated numbers; they may appear mtermittcntly, reaching, on 
occasions, as many us 70 per cent of all circulating white blood cells; or 
they may bo present for only a few days, tlicir occtirroncc coming on at any 
time during the administration of streptomycin. Usually the cosinophilia 
begins between the 9th and the 15th day of exposme, but its onset within 
2 days and after 90 has boon leportod. Following discontinuation of 
Mrcptomycin, the number of oosiiiophilcs dceicases progiessively to normal 
limits. In Itself, cosinophilia is not a icaction that ic(iimes cc.ssation of 
streptomycin, nor docs it necessarily indicate serious sensitization Its 
pic&ciicc IS distuibiug only because the phenomenon represents au allergic 
I'tate, and muie serious untoward allergic factions aie potential in tlie 
Kioup e\lnl)ituig it. 

llie iiicUlcncc of cosinophilia is less in individuals icceivingO.o to 1.0 gm 
^tieptomycin daily for 120 days than in those receiving moie than 1 gin 
(table SO). This dilTciential, <luc to the size of total daily dose, is not an 
"imsuul allergic phenomenon. There is, thus, a distinct advantage m 
Using small amounts of streptomycin, for with a lessened incidence of 
eosinopluliu, potential danger fiom other mote serious allergic reactions is 
tvduced. Duration of ticatment also affects the incidence of leactions — 
the longer (he c\po^ulc, the gieater the incidence. This observation piob- 
‘dib’-iefiects the mnueiice of total diugadministcied, nut extent of expobUie. 

Eosinopluliu is the only manifestation of allcigi’ m most instances, cu- 
- .*r cunt of all cases (table 

isually witli cosinopliilia, 
Other types are seen — 

urticarial, morbilliform, scarlatmiform, macular, erythematous, and, rarely, 
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not preclude the use of streptomycin, for it must be emphasized that this 
serious reaction is, at the worst, uncommon; most individuals will nol 
develop further impairment of renal function. Witli its uecessar>’ adminis- 
tration in the face of kidney disease, close clinical observation is required, 
with frequent determinations of kidney function and examination of urine 
specimens. Total daily dosage of streptomycin should be leduced at the 
first evidences of kidney damage; u ith evidences of continued irritant effect, 
administmtion of the drug sliould be discontinued. If further damage is 
not observed with lowered dose, sfieptomycin may be continued mth 
caution. McDermott (3) reports a case whose kidney damage became 
apparent early in the course of stieptomycin therapy, but because of the 
gravity of the patient’s disease, the drug was continued. The renal in- 
sufficiency, incomplete but of serious proportion, remained at a low level 
for 3 months of streptomycin therapy, but during the 4th month, kidney 
function was partially reversed towaid normal. Minimal albuminuria and 
cylindruria persisted, but renal function tests returned to normal during the 
posttroatment period. 

Pathological studies on kidneys of individuals dying from kidney failure 
during administration of stieptomycin, and piesumably induced by stiep- 
tomycin, are few. In one report of a patient succumbing in uiemia after 
5 days’ therapy with great doses of stieptomycin, caieful pathological 
studies are recorded (3) An extensive tubular necrosis, particularly of 
the proximal convoluted tubules, is describcii. The epithelial pattern is 
not unlike that observed m cases of mercury poisoning. Alolitor ct al (2) 
m then study of chronic toxicitj' also described tubular necrosis in the dog 
Fatty infiltration of kidneys with definite lipoid deposits m the parcnchj'ma 
of kidney is the more common icsult of strcptomcycin toxicity in animals. 
This latter change is reversible, and it seems unlikely that the lesions :uc 
similai to the tubular changes in the case reported bj’ McDermott (3). It 
IS possible, of coui-5>e, that fatty metamorphosis in the human occurs early 
and frequently, but there is no dciscnption of such changes in autop.'-y re- 
ports of patients who, prior to death during therapy with streptomycin, 
exhibited cylmdruiia In this gioup no mention has been made of any 
kidney pathologj’ presumably pioduced by the agent. 

,V11 clinical evidences of lenal toxicity, appearance of casts, albumin, 
and reduction in function indicate that bticptomycin is an irritant of kidney 
tubules alone, and fuither, until additional iiifuimation is available, the 
uephiotoxic action must be eonsideicd to he due to stieptomycin itself 
“Pure” materials produce the change.sasfic<jnently as do less puiihcd ones 

The irritant effect cannot lie pievcntcd, circumvented, or adequately 
treated when present Senmis lenctions can, of course, bo avoulcd by 
careful obsen-ation of patients and, dejx'ndent upon clinical indications, 
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dosage of stieptomycin can be leduced, interrupted, or discontinuod 
entirely. 

Manifestations of hyperscnsilizalion 

Streptomycin, like other chemotheiapeutic agents, is capable of being 
antigenic. Various evidences of sensitization phenomena aie commonly 
obsen'ed m patients icccivmg it for 5 or moic days. The leactions include 
coMnophilia, fever, lashes, and, on occasions (I to 2 per cent), exfoliative 
deimatitis (table 80). Of these, cosinophilia alone is the most common. 
Though each may appeal alone; all may occur together. The produc- 
tion of alleigic reactions is a property of streptomycin itself, as Molitor 
it al (2) and Farrington (4) have obserx'cd in their studies ivith “pure” 
materials. The development of allergy to streptomycin in humans appar- 
ently is not dependent on hereditary factors 
Eo&mophilia (table 80) of more than 5 per cent is seen in moic than 30 
per cent of all individuals receiving streptomycin. The numbers of these 
ecllsi ^a^y throughout the exposure period. They may appear early and 
remain in elevated numbers; they may appear intermittently, reaching, on 
occasions, as many as 70 per cent of all circulating white blood cells, or 
they may be present for only a few days, their occurrence coming on at any 
time during the administration of streptomycin. Usually the cosinophilia 
begins beUcen the 0th and the 15th day of exposure, but its onset within 
2 days and after 90 has been reported. Following discontinuation of 
S'treptomycin, the number of cosinophiles decreases progressively to normal 
limits In itself, cosinophilia is not a reaction that reciuircs cessation of 
streptomycin, nor docs it necessarily indicate serious sensitization Its 
presence is disturbing only because the phenomenon represents an allergic 
Mate, and moie serious untonaid allergic reactions are potential in the 
group exhibiting it. 

1 he incidence of cosinophilia is less in individuals receiving 0.5 to 1 0 gm 
streptomycin daily for 120 days than in those receiving more than 1 gm 
(table 80). This diffeicntial, due to the size of total daily dose, is not an 
unusual allcigic phenomenon. There is, thus, a distinct advantage in 
Using small amounts of streptomycin, for with a lessened incidence of 
cosinophilia, potential danger from other moie serious allergic reactions is 
leduced. Duiation of treatment also affects the incidence of leactions 
the longer the cxposuic, the gicatci the incidence This observation prob- 
ably rollccts the influence of total drug administered, not extent of exposuic. 

Fosmophilia is the only manifestation of alleigj' in most instances, eu- 

or cent of all cases (tabic 
isually witli cosinophilia, 
Other types aie seen — 

urticarial, morbilliform, scarlatiniform, macular, erythematous, and, rarely, 
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not preclude the use of streptomycin, for it must be emphasized that this 
serious reaction is, at the woist, uncommon; most individuals ujll not 
develop further impairment of icnal function. With its necessary adminis- 
tration in the face of kidney disease, close clinical obseivation is required, 
with frequent deteiminations of kidney function and e.\amination of unne 
specimens. Total daily dosage of streptomycin should be leduccd at the 
first evidences of kidney damage; with evidences of continued irritant effect, 
administration of tlie drug should be dis'continued. If furthei damage is 
not observed with loweied dose, streptomycin may be continued ttith 
caution. McDermott (3) reports a case whose kidney damage became 
apparent eaily in the course of streptomycin theiapy, but because of the 
gravity of the patient’s disease, the drug was continued. The renal in- 
sufficiency, incomplete but of serious proportion, remained at a low level 
for 3 months of streptomycin therapy, but during tlio 4th month, kidney 
function was partially reversed toward normal. Minimal albuminuria and 
cylindruria poisisted, but renal function tests leturned to normal during the 
posttreatment period 

Pathological studies oti kidneys of individuals dying from kidney failuie 
during administration of streptomycin, and presumably induced by stiep- 
tomycin, are few In one report of a patient succumbing in uicmia after 
0 days’ theiapy witii great doses of stieptomycin, careful pathological 
studies are recorded (3) /Vn c.\tensivo tubular nociosis, particularly of 
the pro.vimal convoluted tubules, is dcscnl>cd. The epithelial pattern is 
not unlike that observed in cases of mercury poisoning Molilor ct al. 12) 
in their study of chioiuc to’cieity also descrilied tubular necrosis in the dog 
Fatty inliltration of kidneys with definite hpoid deposits in the parenchyma 
of kidney is the more common icsult of streptomeyem toxicity in animals. 
This lattoi change is rcveisiblc, and it seems unlikely that the Ic-sions arc 
similar to the tubular changes in the case leported by ilcDermott (3). It 
is possible, of course, tliat fatty metamorphosis in the human occuis early 
and frequently, but there is no description of such changes in autopsy ic- 
ports of patients wlio, prior to death during therapy with sticptornycin, 
exhibited cylindruria In this group no mention has been made of any 
kidney pathology presumably pioduced by the agent. 

All clinical evidcnce.s of renal toxicity, appearance of casts, albumin, 
and reduction in function indicate that stieptomycin is an nntnnt of kidney 
tubules alone, and fuithei, until udditioiud infoiniatioii is available, the 
nephrotoxic action must be coiisideied to tie due to slieptomycm itself. 
“Puie” materials pioducc the change.'- as fiequcntly as do less pin died ones 

'rhe iiiitant effect cannot lx? pievcntcd, circumvented, oi adequately 
tic'ited when present Serious leactiuns can, of course, be .ivoidcd by 
caieful observation of patients and, dependent upon clinical indications, 
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dosage of sti-eptomycin can be leduced, interrupted, or discontinued 
entirely. 

Manifestations of hypcrscnsitizahon 

Stieptomycin, like other chemotheraixiutic agents, is capable of being 
antigenic ^klrious evidences of sensitization phenomena are commonly 
obsened in patients leceiving it for 5 or more days. The reactions include 
eosmophilia, fever, lashes, and, on occasions (1 to 2 per cent), exfoliative 
dennatitis (table 80). Of these, eosmophilia alone is the most common 
Though each may appear alone; all may occur together. The produc- 
tion of alleigic reactions is a property of streptomycin itself, as Molitor 
it at. (2) and Farrington (4) have obserx-ed in their studies u'lth “puie” 
materials The development of allergy to streptomycin in humans appar- 
ently 13 not dependent on heredltaiy factors. 

Eo&inophilia (table 80) of more than 5 per cent is seen in more than 30 
per cent of all individuals receiving streptomycin. The numbers of these 
telh vary throughout the exposure period. They may appear early and 
remain in elevated numbers; they may appear inteimittently, reaching, on 
occasions, as many as 70 per cent of all circulating white blood cells; or 
they may be present for only a few days, their occurrence coming on at any 
time during the administration of streptomycin Usually the eosmophilia 
begins between the 0th and the loth day of exposure, but its onset within 
2 days and after 90 has been reported Following discontinuation of 
streptomycin, the number of eosinoplulcs decreases progressive^' to normal 
limits. In itself, eo&inophiha is not a reaction that requires cessation of 
streptomycin, nor does it necessarily indicate serious sensitization. Its 
presence is disturbing only l>ecause the phenomenon represents an allergic 
■’tatc, and more serious untoward allergic reactions aie potential in the 
group exhibiting it. 

i he incidence of eosmophilia is less in individuals receiving 0.5 to 1 0 gm 
''tieptomycm daily for 120 days than in those receiving more than 1 gm 
(table 80). This differential, due to the size of total daily dose, is not an 
'inuMial alloigic phenomenon. There is, thus, a distinct advantage in 
Using small amounts of streptomycm, for with a lessened incidence of 
co.-iinophilia, potential danger from other more serious allergic reactions is 
ledueed. Duration of treatment also affects the incidence of reactions — 
the longer the exposure, the gicatci the incidence. This observation prob- 
ably reflects the influence of total dnigadministcied, not extent of exposure. 

Eosinophilia is the only manifestation of allergy’ m most instances, cu- 
taneous eniptions being oliservcd m only 2 to 9 i>er cent of all cases (table 
SO). Ihe rash apjxiars early, after 7 to 10 days, u-sually with eosmophilia, 
anil i^*most<.ommonlymaculopapular and pruritic Other types are seen — 
urticarial, morbilhfonn, scarlatimform, macular, erythematous, and, raiely, 
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hemorrhagic. Many are nonpruritic. In general, the eruptions are simi- 
lar to the dermatitis seen ivith other drug eruptions and, quite likely, some 
fit into the group of 9th day ei^'themas of Mih'an, In these, at the height 
of tlie rash, there is a fall in blood pressure, associated nith constitutional 
sj'mptoms s\ich as fc^■e^, arthralgias, and headache. These latter symp- 
toms subside ’ivithin a few hours after cessation of streptomycin but may 
persist for 3 to 4 da 3 ’S. Among the group in ^vhom there are no sj-atemic 
complaints, the rash persists for 1 to 10 days. A mild febnie response is 
obsen'ed in somewhat fewer than half the cases wth eruption. 

Like other drug eruptions, the exanthema begins as a localised area on (he 
extremities or head but usually spreads to involve a major portion of the 
body. After spread, superficial scaling follows on occasions, -4iitihiita- 
minic agents control the pruritus when present. Streptomj'cin usually can 
safely be continued during the episode of eruption and, despite continuance 
of the drug, the rash gradually subsides. When constitutional sjunploms 
are unduly severe and when the rash progresses in severity’’ and in symp- 
toms, cessation of streptomycin is indicated. Its administration must be 
immediately discontinued when c.\'foIiative dermatitis supervenes. Strep- 
tomycin can often be resumed in individuals nhose therapy is interrupted 
by a severe toxic eruption. Single small test doses (a dose as small as 10 
mg may e.vcite a se\’ere recurrence; 10 pg is recommended) aftcr3 or 4 weeks 
will indicate the status of the patient’s response to the antigenic properties 
of the material. When the test dose fails to elicit a rash, streptomycin can 
be reinstituted, but with caution 

Drug fever is uncommon, its occurrence bemg noted in less than 5 per 
cent of cases. The great majority' of such cases are associated with a toxic 
eruption. The fever appears m'th, and its course parallels that of, the 
rash, common subsidence usually being obsenad despite continued ad- 
ministration of streptomycin. The temperature rarely reaches 103°, and 
it can be controlled mth salicylates. It is of interest solely because it is 
another manifestation of the sensitivity in an individual; its presence with 
an eruption is of no prognostic significance. 

High sustained fever (102 to lOI®), coming on after 5 to 7 days, has not 
been reported foUow-mg admmistration of liighly purified streptomycin. 
With the less purified materials, this more typical "drug fever” may 
occur and persist until streptomyem is discontinued. 

Dermatitis venenata has been reported many times among individuals 
habitually handling streptomycin. It is seen particularly in nurses who 
prepare solutions for injection The dermatitis comes on after protracted 
contact and appears usually on hands and lower arms, rarely involving 
face and eyes. By use of gloves, the immediate problem in the mediMl 
personnel can be avoided. In those who have developed the dermatitis, 
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“desonsitization” occasionally can be carried out to complete relief of the 
pathology, but more often is unsuccessful. The disease, of course, is a 
self-limited one, though uncomfortable during its existence, provided the 
susceptible individual remains out of contact with streptomycin. 

Speculation as to mechanisms that produce evidences of hypersensitivity 
IS of interest. It is known that &treptom3'cin lias the property of combining 
with plasma protein to a varying, but usually slight, degree. As antigens 
m general presumably must bo partly protein, it is conceivable that a 
streptomycin-albumin complex is formed in plasma, and that the complex 
becomes antigenic, with streptomycin acting as a haptene. Although 
specific antibodies, induced by other protein-bound chemotherapeutic 
agents, have been described, none has been discovered m response to 
therapy ivith streptomycin in the human. It is unknown also that the 
uncombined chemical in serum has an antigenic property, but other non- 
protein antigens are rare indeed. Be that as it may, allergic leactions due 
to streptomycin follow patterns observed with other sensitizing protein 
agents, and therefore methods to avoid, prevent, or treat any single phe- 
nomenon should bo patterned after general principles described for the 
other agents. 

The hypersensitivity phenomena induced by streptomycin are commonly 
first observed 4 to 5 daj's after the initial dose, and it is probable that the 
individual becomes sensitized immediately after the first dose. When the 
initial parenteral therapy is continuous, acute severe reactions are dis- 
tinctly uncommon. lu fact, reactions will generally subside despite con- 
tinuation, probably by the direct process of “desensitization.” Conse- 
quently, in the presence of a mild or moderately severe allergic reaction, 
streptomycin may be continued without fear of disaster, the reaction being 
self-limited. On occasions, exfoliative dermatitis appears during first 
exposure to streptomycin In the presence of this explosive cellular anti- 
body-antigen reaction, strcptomj’cin must be discontinued, for further 
therapy is dangerous. If a reaction of any degree occurs during the first 
course of strcptomj’cin, there is greater likelihood that a second exposure 
W’llI excite more frequent and more severe allergies 

Despite the immediate safety of continuing streptomycin in the presence 
of evidences of sensitization, the work of Rich ct al. (13) indicates that this 
situation may be a precursor of generalized vascular disease. In the pres- 
ence of evidences of the sensitized state, consequently, the phj’sician must 
weigh well the possibilities. If the infection being treated threatens life, 
the deci&ion to continue streptoinj'cin is casj’. On the other hand, if the 
disease is not associated with high mortalitj', to continue strcptomj’cin 
may impose a great dihuilvantage upon the patient — a disadvantage not 
immediately obvious but potentially serious. 
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M i&ccllaneous reactions 

A multitude of other untoward bide reactions have been recorded follow- 
ing udmmistiation of btreplomycin. The majority of these are clinical 
observations, frequently made, to be sure, but so incompletely studied that 
explanations for the phenomena are either illogical or impossible. 

Observed particularly in tuberculous patients leceiving streptomycin for 
long periods is a rather remarkable degiec of euphoria. The sense of nell- 
being is real, usually marked, and infimatel3' associated uith the adminis- 
tration of the agent. It cannot ahvaj's be associated u ith improvement m 
the tuberculous process, for it appears and continues in some w hose disease 
is not grossly affected by streptomycin. Further, it often begins prior to 
any change in bymptomatolog}'. There is no explanation from this change 
in personality, but it is unlikely that it results from suggestion alone. 

The appearance of mild conjunctivitis during administration of strepto- 
mycin has been reported. The inflammation is benign, short-lived, and 
not associated with pus formation. Excessive tearing, and, on occasions, 
photophobia, accompanies the conjunctival injection, Although it is 
likely that the phenomenon is an allergic manifestation, many instances of 
conjunctivitis occur without eosinoplulia, fever, or rash It may appear at 
any time during a course of treatment. As with euphoria, the complica- 
tion IS unimportant, and therapy need never be discontinued because of it. 
The reaction is not the same as the conjunctivitis reported uith dermatitis 
venenata. 

Paresthesia of lips and fingers arc also subjectii’c obsen’ations frequently 
made by patients receiving streptomycin for prolonged periods The 
numbness and tingling is restricted to the area of the orbicularis oris muscle 
and to the tips of the fingers It persists for many days or weeks, and al- 
though it does not obviously alter either taste or appetite, it may interfere 
\v-ith enjoyment of meals. Pam is never a part of the sensation The 
paresthesia always disappears when streptomycin is discontinued, and it 
may subside during continuance of the drug Xo importance can be 
attached to this rather common complaint Neither is there an explanation 
for its existence No senous sequelae have been reported as a result of it 

Headache, nausea and vomiting, and gastio-mtestinal discomfort ha\c 
been reported (1, 14). The relative incidence of the last is diiectb’ related 
to daily dose (fig 87) Again theie is no obvious explanation for occur- 
rence of these reactions Therapy, on occasion, has to be discontinued 
because of the severitj' of the nausea and vomiting, bo,(h symptoms subside 
after cessation of therapy. In some patients, however, nausea and vomit- 
ing fail to reappear w’lth reinstitution of therapy Because no study of tlic 
problem has been recorded, further description is useless It is pertinent to 
■ dd that nausea, vomiting, and headache aie symptoms often associated 
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mth dela)'cd anaphylactic plienomcna, and it is possible that, among indi- 
viduals receiving sticptomycin, these reactions occur in the group exhibiting 
other but subdued evidences of allergy. The importance of the coincidence 
has not been determined. 

Streptomycin may occasionally act as a bone-marrow depiessant, with 
the pioduction of blood dyscrasias. jUthough pancytopenia has developed 
during therapy in a sufficient number of cases to warrant assumption that 
its action is diiectly upon bone marrow, there has been no report of a case 
whose reaction has been well folloued with bone maiiow studies for final 
proof. Most instances of anemia and granulocytopenia have been in 
individuals with disseminated tuberculosis or with an acute infection that 
may well have been associated with b.ac(ercmia and possible septic emboli- 
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Flo. 87. Ilclativc effect of daily dosage of streptomycin upon the percentage of 
toAic manifestations. 

zation in bone marrow. Bunn (11) referred to a case of miliary tubercu- 
losis in whom agranulocytosis developed during therapy with streptomycin 
and a return of w bite blood cells occurred after cessation of streptomycin 
despite progressive and fatal disease. McDermott (3) referred to a patient 
of Adcock’s who developed thrombocytopenia while receiving G gm of 
streptomycin daily. Kecovery was complete following discontinuance of 
the therapy. Fiom the reports of the streptomycin committees of the 
Veterans Administration, Army, and Navy (1), blood dyscrasias occur with 
an incidence of 0.7 per cent, but the completeness or type of bone-marrow 
depression is not described. These and many other reports indicate 
that streptomycin indeed may alTcct the bone marrow, but final decision of 
its seiioumess awaits fuithcr study. 

heutopeni.i, on the othei hand, is commonly seen during prolonged 
administration of sticptomycin. Although there is tnic depres-sion of 
gramilocyte.s, the number uncommonly falls below 1,500/ml. The leuco- 
|>enia is ie\crsod during continuation of therapy. During acute episodes 
of scusitiz.ition phenomena, theie maj' be, of course, Icucopcnia with rela- 
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tive increase in eosinophiles. This phenomenon is apparently separate 
from that of a possible true bone-marrow depressing action of streptomycin 

If streptomycin can produce pancytopenia, the reaction, must be rare, 
there is no specific way to avoid it, and there is nothing with which to treat 
it once established, except to discontinue all further administration of 
streptomycin. 

Hepatic damage has not been reported. 

In Conclusion 

Most patients tolerate streptomycin well, but the toxic reactions are more 
frequent and considerably more hazardous than those following penicillin. 
The allergic manifestations may conceivably predispose to disseminated 
vascular disease. Exfoliative dermatitis may on occasion be fatal. The 
nephrotoxic effect may impose permanent impairment of kidney function. 
The unique eighth nerve complication maj’ be a serious, permanent, eco- 
nomic, and social defect in the future of patients receiving streptomycin for 
long periods. The incidence and severity of toxic reactions increase in 
direct relation to size of dose, the height of its concentration in the patient's 
extracellular fluids, and the length of its administration. All of these re- 
quire that the physician wisely and carefully weigh the precise value of 
therapy with streptomycin, in any infection, against the hazards derixed 
from use of the drug. As it is quite likely that streptomjxin will be used, 
for the most part, in the therapy of subacute or chronic infections, such as 
tuberculosis, brucellosis, and subacute bacterial endocarditis, and must, in 
consequence, be administered for long periods, measurable in weeks, the 
decision is all the more difficult. For the therapy of infections such as 
tularemia, in which streptomycin need bo given for only a few da 5 'S, the 
problem is simple; in small doses lor short periods, streptomycin is a safe 
agent. It is unlikely that the common use of pure or crj'stalline strepto- 
mycin ^vill obviate the toxicity as recorded. At present there is no method 
of safely preventmg or circumventing any one of the unfortunate side 
effects. Despite the complications associated with its prolonged usage m 
any individual, streptomycin is an established and effective antimicrobial 
agent. That it requires wisdom to administer detracts nothing from its 
value; rather it stimulates the physician to understand and evaluate more 
carefully the patient’s disease — an advantage to both the physician and 
the patient. 

DrayDROSTnEPTOilYCTN 

In the constant search for a tubereulostatic material that would combine 
the effectiveness of streptomycin with lessened toxicity, a clinical study of 
the dihydro form of streptomycin was undertaken in 1947-4S (14, 15, 16). 
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At this writing, dihydrostreptomycin has not been adequately studied 
to\icological!y to determine accurately its toxicity in the human following 
prolonged administration, though preliminary clinical trials indicate that 
it has certain advantages over the parent streptomycin. 

The principal toxic reaction from streptomycin is the neurotoxic effect 
upon the eighth cranial ner\'e. Dihydrostreptomycin is capable of produc- 
ing the same reaction in the human, but it does so after some delay \\hf n 
compared with streptomycin. Between 2 and 3 gm of streptomycin a day, 
administered parcnterally, will produce labyrinthine damage within 3 to 4 
weeks in the vast majority of instances. After G weeks, 2 to 3 gm of di- 
hydrostreptomycin daily will evoke the reaction in only a few cases 
Dihydrostreptomycin seems to be distinctly less neurotoxic, in that the 
reaction will occur later after the use of large doses. As is true with the 


parent substance, eighth nerve damage occurs earlier with high scrum con- 
centrations of dihydrostreptomycin. Once initiated by dihydrostrepto- 
royem, eighth nerve damage is less severe than that usually observed after 
streptomycin. In general, though, experience has not yet taught how com- 
plete, how serious, or how permanent the damage will be, nor is it possible 
to estimate precisely at what time the effect can be expected in any indi- 
vidual. Dihydrostreptomycin will also produce auditory complications; 
hut relative safety, when compared with streptomycin, is not yet known. 
Like the vestibular, cochlear toxicity may delayed and may he le.ss 
severe (14). 


Administration of dihydrostreptomycin is followed by appreciably fewer 
ypersensitivity phenomena than those following administration of strep- 
tomycin. Eosinophilia is uncommonly seen, rashes and more severe forms 
0 allergy, such as, fever and exfoliative dermatitis, are not reported. 
Again the explanation for the fewness of reactions is lacking, nor is it pre- 
cisely known how frequently reactions will occur. It is probable, however, 
hat allergic reaction will occur with continued use of dihydrostreptomycin 
und that, as Avith the experience gained from other chemotherapeutic 
ugents, the incidence will be at least 5 per cent. 

An advantage of dihydrostreptomycin has been recorded. In instances 
0 severe allergic reactions to streptomycin, and in the presence of adequate 
indications for its continued antimicrobial action, dihydrostreptomycin 
f^uy be safely substituted for streptomycin without fear of continued hyper- 
sensitization (14, 15). Streptomycin acts as an antigen, but its antigenic 
property is distinct from that of dihydrostreptomycin, and there are ap- 
parently no cross-immune reactions. Consequently, in patients unable to 
o crate streptomycin because of liyperscnsitivity, therapy may be carried 
on with dihydrostreptomycin. 

t has long been suspected that eosinophilia, other allergic manifestations, 
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and vestibular dysfunction are intimately related, but no common explana- 
tion has been offered. With apparent decrease in instances of both allergic 
manifestations and eighth nen’C damage from dihj’drostreptomycin, there 
is strengthened evidence that the neurotoxicity of streptomycin is indeed 
an evidence of sensitization. It is of interest that the two materials have 
the same pharmacologic and antibacterial properties in humans, yet have 
different allergic potentials. There is but one described difference in their 
biologic activities that might bear a relation to sensitization phenomena— 
streptomycin is inactivated by cysteine, and dihydrostreptomyem is not. 

Dihydrostreptomycin is nephrotoxic. The lime of onset, the incidence, 
the severity, and the importance of pre-c.xisting kidney disease as a pre- 
disposing factor in the production of renal reactions aie not known. Simi- 
larly, the natural course of the kiduey reaction, once established, cannot be 
described. It is not yet recognized how often or at uhat period cylmdruria 
and/or albuminuria will be obser\’ed. Xeither i5> it knoun how much 
dihydrostreptomycin uill initiate the irritation. McDermott reported the 
death of an individual receiving 5 gm of the material daily for 54 days (14). 
Pre-e.xisting kidney damage was present m this patient, and during the 
course of therapy she developed retention of nitrogenous products, became 
deaf, and died in a state of uremia It appears, consequently, that diliydro- 
streptomycin contains a kidney irritant, and this fact supplies ample cri- 
donce that any individual receiving streptomycin or dihydrostreptomyem 
for long periods should be subjected to adequate laboratorj' obser\'ations, 
including tests of kidney function. 

Dihydrostreptomyem produces more local reactions than streptomycin. 
It is more irritating at the site of intramuscular injection, and intrathec.d 
administration is followed by severe reactions Hinshaw reported partial 
paraplegia, urinary and fecal incontinence, and “saddle” cutaneous anes- 
thesia m one patient receiving 50 mg dihj'droatreptomycin mtrathecally 
(15). A reaction of this seventy has not been obsera’ed in an adult receiving 
this amount of the usual purified preparations of stieptoraycin. Studies of 
irritating properties of dihydruslreptomycin after injection into other body 
cavities have not been reported. Whether the irntant property can be 
remo\cd ''ith subsequent punfication cannot be stated, but that great 
effort will be expended to remove »t cannot be doubted. 

As dihi'drostreptomyem lias almost identical pharmacologic and anti- 
bacterial properties with stieptomycin (15). it i» diilicult to conceive of its 
potential toxicity being as benign as it nou appears to be. Good definition 
of its chronic to.xicity mii.st await further studies Until these aic carefully 
performed and recorded, if ivould appear to lie the better part of wisilom 
to administer dihydrostreptomyem with the same e.aution as that exercised 
wnth streptomyem A limiting factor to the use of any type of strepto- 
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mycin for long periods will be the rapidity uiul coinpleteiichs of the oineig- 
ence of organisms lesihtant to its untibjictcruil elTccts. oiguniMns dc- 
\clop <)\er\\ helming resislancc to clihj’drohlieptoniyem as rapidly an<l to 
the sime dcgiee a.> to stroptomyein, it msiy well l>c that the (lilTcronreis ni 
toxic manifestations, posailily leas fie(iuent, certainly delayed, and probably 
less scvcie with dihydroatrcptomycin, will pcimit aomewhat gieatci latitude 
in the administration of dihydioalroptomycin. Because of the apparent 
lessened toxicity of dihydroatreptomycin, the imjiortancc of the emergence 
of resistant organisms increases, while the untoward side icactions de- 
preciate. 
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and vestibular dysfunction are intimately related, but no common explana- 
tion has been offered. With apparent decrease in instances of both allergic 
manifestations and eighth ncivc damage from dihydro&treptomycin, there 
is strengthened evidence that the ncurotovicity of streptomycin is indeed 
an evidence of sensitization. It is of interest that the two materials have 
the same pharmacologic and antibacterial properties in humans, yet have 
different allergic potentials. There is but one described difference in their 
biologic activities that might bear a relation to sensitization phenomena — 
streptomycin is inactivated by cj'stemc, and chhydrostreptomj'cin is not. 

Dihydrostreptomycin is nephrotoxic. The time of onset, the incidence, 
the severity, and the importance of pre-existing kidney disease as a pre- 
disposing factor in the production of renal reactions aie not kno\ra. Simi- 
larly, the natural course of the kidney reaction, once established, cannot be 
described. It is not yet recognized how often or at what period cylindruria 
and/or albuminuria will be obson'cd. Xeither is it known how much 
dihydrostreptomycin will initiate the irritation. McDermott reported the 
death of an individual receiving 5 gm of the material daily for 54 days (14). 
Pro-existmg kidney damage ua* present in this patient, and during the 
course of therapy slie developed retention of nitrogenous products, became 
deaf, and died in a state of uremia. It appears, consequently, thatdihydro- 
streptomycin contains a kidney irritant, and this fact supplies ample eri- 
dence that any individual receiving streptomycin or dihydrostreptomycin 
for long periods should be subjected to adequate laboratoo' obsen-ations, 
including tests of kidney function. 

Dihydrostreptomycin produces more local reactions than streptomyem. 
It is more irritating at the site of intramuscular injection, and intrathecal 
administration is followed by severe reactions. Hinshaw reported partial 
paraplegia, unnaiy and fecal incontinence, and “saddle” cutaneous anes- 
thesia in one patient receiving 50 rag dihydrostreptomycin inlratherally 
(15). A reaction of this severity has not been ob&er\'ed in an adult receiving 
this amount of the usual purified preparations of streptomycin. Studios of 
irritating properties of dihydrostreptomycin after injection into other body 
cavities have not been reported Whether the irritant proijerty can be 
removed with subsequent purification cannot be stated, but that great 
effort will be expended to remove it cannot be doubted. 

As dihydrostreptomj'cin lias almost identical pharmacologic and anti- 
bacterial properties with streptomycin (15), it is difficult to conceive of its 
potential toxicity being as benign as it now appears to be. Good definition 
of its chronic to.xicity must await further studies. Until the&e are carefully 
performed and recorded, it would appear to be the better part of wisdom 
to administer dihydrostreptomycin with the same caution as that exercised 
with streptomj'cin A limiting factor to the use of any type of sfrepto- 
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mycin for long periods will be the rapidity and completeness of the emerg- 
ence of organisms icsistant to its antibacterial elTccts. As organisms de- 
velop overwhelming resistance to iHhydiostieptomycm as rapidly and to 
the same degiee as to stieptomycin, it may well be that the dilTeicnees in 
toxic manifestations, possildy less ficquent, ceitainly delayed, and probably 
less severe with dihydiostieptomyein, will peiinit somewhat greater latitude 
in the administration of dihydrostroptomycin. Because of the appaicnt 
lessened toxicity of dihi’drostreptoniycin, the importance of the emcigence 
of lesistant organisms incieascs, W'hilc the untoward side reactions de- 
preciate. 
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Chapteh 41 

ALTERAa’IONS IN NORMAL BACTERIAL FLORA OF 
MAN AND ANIMALS AND SECONDARY" INFEC- 
TIONS DURING STREPT0:MYCIN THERAPY 


Ihc Ube of antibiotic agents tvith highly specific, selective activity has 
solved many of the difficulties encountered in the treatment of infectious 
difceascs. Many new problems, bou-ever, have been created. Some of 
tliesc arise because the lives of patients are prolonged sufficiently to allow 
time for development of complications of the original disease; others present 
themselves as the result of toxic and allergic reactions, introduction of new 
organisms during therapeutic manipulations, changes in bacterial flora with 
resultant tissue invasion, and improper bacteriologic diagnosis. It is 
with one of these problems, the appearance of new infections during the 
coui>e of treatment with streptomycin, that this chapter concerns itself. 

In suite of the fact that both penicillin and streptomycin are highly anti- 
bacti'iiul, their activity is more or less specific. Thus, penicillin is active 
mainly against gram-positive bacteria, whereas streptomycin e\erts its 
greatest elTccts against members of the gram-negative group. Although 
organisms susceptible to each of these agents show varying degrees of re- 
sistance, most of the susceptible bacteria usually can be eliminated if an 
adequate dose of either of the antibiotic agents is given. During therapy 
with streptomycin or penicillin, alterations in the bacterial flora in various 
parts of the body may occur in addition to an effect on the specific organism 
responsible for an infection. Thus, gram-positive bacteria may be elimi- 
iiated from the nasophaiyngeal flora when penicillin is administered, and 
gram-negative ones when streptomycin is given. 

Lipman, Coss, and Boots (5), in a study of the throat and mtestmal flora 
of cases of rheumatoid arthritis to whom penicillin was administered daily 
over a period of months, demonstrated a rapid and striking change. The 
throat cultures of all of the patients, prior to antibiotic therapy, revealed a 
predominance of gram-positive diplococcj sensitive to penicillin. During 
the course of treatment, gram-negativo organisms, mainly E. colt, ''cre 
found to be predominant. Less sinking though definite changes in the 
intestinal flora also took place 
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Influence on Bacterial Flora 

The influence of streptomycin on the bacterial flora of man and animals 
has not been investigated very extensively- The available data are limited 
primarily to observations on changes in the microbial population of the 
intestine and are reviewed below. 

In mice and rats 

Studies by Smith and Robinson (0) on the effect of feeding varying quan- 
tities of streptomycin to mice revealed that daily administration of 30,000 
units of the drug per kilogram of body weight resulted in a decrease, within 
the first 24 hours, of the number of coliform organisms from a normal of 
approximately 100,000 to 100 bacteria per 3 mg of feces. Continued inges- 
tion of streptomycin for as long as 3 weeks resulted in maintenance of the 
low level of bacterial numbers with very little daily fluctuation. When the 
quantity of antibiotic agent was increased to 300,000 units per kilogram 
(one-twentieth the maximum tolerated dose) all of the coliform group dis- 
appeared within 24 hours and were undetectable throughout the experi- 
mental period (3 weeks). Cessation of treatment produced a 1,000-1,500- 
fold increase in the coliform count within 48 hours. The animals that bad 
received the small dose of drug rcattained a normal number of bacteria in 
the feces, but those ^vhich had been given the larger quantities had sub- 
normal counts for at least an additional C days. In the animals given 
300,000 units of streptomycin per kilogram not only E. coli but all of the 
gram-negative organisms were eliminated, leaving only a small number of 
gram-positive ones such as B. mescntericus, B. megatherium, and B. subtilis. 
A similar change was observed in those receiving the smaller dose of anti- 
biotic agent but the gram-negative flora was not eliminated so completely. 
In the feces of the mice fed 300,000 units of streptomycin, B. closteroides 
appeared about 96 hours after treatment began and disappeared in about 
1 week. This organism was found to be thirty times more resistant to 
streptomycin than E. colt “W." Although no cultural studies were carried 
out, smears of the feces gave the impression that there was a reduction m 
the numbers of anaerobes. No evidence was obtained that any of the 
fecal bacteria became streptomycin-resistant during the period of treat- 
ment. 

That changes in bacterial population of the intestinal tract resulting 
from the feeding of an antibiotic substance may not be without harm to 
animals has been demonstrated by Emerson and Smith (2). Administra- 
tion of 160,000 to 375,000 units of streptomycin per kilogram daily in con- 
junction with a purified diet produced no significant nutritional disturb- 
ances ill rats. AVhen the quantity of drug was increased to betn een 580,000 
and 875,000 units per kilogram, however, manifestations resembling those 
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pioiluce liydiogen sulfidi?, find loas of vhuleiicc for guinea pigs. The stools 
of children receiving streptomycin wcic found by' Dalton to be fice of E. coli. 
In u few instances, htieptomycin-rcMstunt stiains of *1. (i(ro(/cncs weie 
cultivated from tlie feces of those receiving the diug, but no other gram- 
negative buctciia could bo grown. 

It is possible that such alterations in the dlstiibution of organisms in 
sites of the body wheic a mixed flora is usually' present may occur in many 
patients %Yho receive theiapy with a specific antibiotic agent. In most 
cases, such changes in the bacterial population ivith suppression of certain 
groups of bacteria and increase in the number of others probably’ leads to 
no untoward result, and the patient’s locovery is not affected. In other 
cases, however, these alterations in the flonx icsnlt in the rapid growth of 
Virulent bacteria, which may’ have been pivsont originally’ only’ in very 
small numbers, and which were not susceptible to the antibiotic agent ad- 
ministered. If tlie general resistance to infection is depiesscd, new’ infec- 
tions may occur follow ing sucli a change. In the cases described below’, use 
of streptomycin lesulted in tlie climmation of one group of bacteria and 
allowed another, which was probably present in small numbeis in certain 
sites, to become numerically predominant and to invade the tissues and 
produce new* disease. 

Develop.munt of New Infections 
New* infections arising during the course of antibiotic treatment may 
have a different pathogenesis than the one just described. Organisms that 
are not susceptible to the specific agent being used may be introduced acci- 
dentally (from the skin or from contaminated apparatus) during adminis- 
tration of the antibiotic substance into the pleural, peritoneal, synovial, or 
lumbar spaces or into the muscles or blood stream in the course of venipunc- 
tuic and intramuscular injections, and may pioduce new infections at a 
time when the original disease is responding well to therapy. Infection 
with gram-positive bacteria during the course of streptomycin treatment, 
such as gluteal abscess due to S. aureus and empyema due to the same 
or other streptomycin-insensitive bacteria, liave been observed in a number 
of clinics. This type of new disease is not the result of a change in the nor- 
mal bacterial flora of tissues, however, but is produced by accidental intro- 
duction of new’ organisms during the manipulations incident to the proper 
administration of the antibiotic agent 

Clinical histories 

Holow are presented three instances of new infections occurring during 
the course of streptomycin treatment and which are thought to have re- 
sulted from changes in bacterial flora induced by this drug. 
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present in biotin deficiency developed. The feeding of strcptoniycia led to 
a marked diminution in the numbers of coUform bacteria as well as in the 
total intestinal flora. Tin’s early reduction in hacter’ial population was 
followed by a rise to normal in 7 to 12 days, whicii was due to the develop- 
ment of streptomycin-fastness within the first 24 hours of the initiation of 
therapy. 


/n man 

Interest in the changes produced by stieptomyciu in the bacterial flora 
of man has been centered mainly on the intestinal tract because of the use- 
fulness of the antibiotic agent in the treatment of some prtmar>' bowel rn- 
fecrionsandforpreparation of the intestine for surgical procedures. Only a 
few obsen’ations on this important subject ha\e been recorded; however, 
and study of other areas of the body' such as the nasopharynx have been 
neglected, on the whole. Tiie first data on tfie effect of streptomycin on 
the bacterial flora of man are those recorded by Reiman, Price, and Elias 
(7), who administered streptomycin orally in varying doses and produced 
a marked reduction in the numbers of JS. coh in the feces, in some patients 
there was a concomitant decrease in the quantity of other aerobic bacteria 
but no change in tlio anaerobic population. Cessation of treatment was 
followed by rapid return of the fecal flora. There was great variability in 
the resistance of different strains of B. coH to streptomycin. 

Pulaski and Amspacher (0) treated a number of human beinga with 
various types of infections of the intestinal tract with 2 to 4 gm of atrepto* 
rayciti by mouth and noted a reduction in the number of coUform organisiwa 
in the stool within 24 to 48 hours after therapy 'vas started Tljc oral 
administration of as iittle as I gm of streptomyrm w.is found by Kane and 
Polcy (3) to ehmmate E coU from tlie stools of five humans wuhui 2 day> 
This organism wms absent from tlie feces as long as admiuistiation of tlic 
drug was continued but reappeared promptly after treatment was discon- 
tinued. In patients who were subsequently operated upon, cultures of the 
Coionic mucosa revealed an absence of E. cob. In an iiidivnhial with a 
colostomy, lavage with streptomycin jier lectum rendered the bowel seg- 
ment free of B. cob Xo changes ncie detectable m the niiniljers of anae- 
robic >)acterja or streptococci m the stools 

Schwarzkopf (8i studied the elToct of streptomycin administered mtra- 
muscxilariy on the stool flora of a typhoid earner and iiotc<l that E coh 
disappeared from the fecct. lu 3 days, aftei a<lmuiiatiation of D 9 gni of the 
dmg S- was not chminalcd fiom the ^tooI by as much as 23 gin of 

the antibiotic agent, eveept for a penmi of 2-1 houre 'J’lio typhoid bacillu'' 
was observed, liowcver, to undergo dissociatnc changes with the develop- 
ment of first rough and then abnomial colonial morphology, inability to 
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erate degree of improvement. On the day before admission, the patient 
began to have generalized convuldvc seizures, which rapidly increased in 
frequency and duration until they were present almost constantly at the 
time of entry to an outlying hospital, where a lumbar puncture revealed 
cloudy spinal fluid containing gram-negative pleomorphic bacteria. Be- 
cause of this finding, the child was referred to this hospital for treatment. 



Fia. 88. A complicating S. aureus bacteremia and meningitis following recovery 
from II. tnjlucmae (typo B) meningitis and bacteremia (4). 


On admission the patient was a wcll-dcvclopcd, moderately obese infant, 
who held himself rigid, with all the extremities in flexion and the head in 
extension. The temperature was 102.2‘’F, the respirations 32, and the 
pulse 130. The anterior fontancllc was wide open and bulging. The lower 
part of the right tympanic membrane was red, and the light reflex and visi- 
bility of the bony landmarks were diminished. The eyes followed a bright 
light to the right but not to the left. Tlie nose contained a small amount of 
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Case 1. A 3-year-old girl was admitted to the hospital because of fever 
and abdominal pain. Two and a half yeajs prior to admission she had had 
a “kidney infection,” from which she recovered in 23 days. Seven weeks 
before coming to the hospital, she had uncomplicated pertussis. She hours 
before admission, there xvas a sudden onset of a bdominal pain and voniitiag 
The temperature was elevated to J0I.2® and the patient was brought to the 
hospital. 

On admission, the temperature was 09®P, the pulse 160, and the respira- 
tions 26. Physical examination was entirely m'thin normal hmits except 
for slight distention of the abdomen and generalized abdominal tenderness, 
somewhat more marked on the right. Peristaltic sounds were dunioished. 
No tenderness could be detected in the costovertebral angles. The white 
cell count was 24,000, ivith 8i per cent neutrophiles and 16 per cent bm- 
phocytes. Evamination of the urine revealed a specific gravity of 1.020, 
2 plus albumin, and 50 to 60 white cells per high-powered field, m a cathe- 
terized specimen. The hemoglobin was 11 gm/100 ml. Culture of the 
urine revealed H. influenzae, which was neither type A nor type B. 

Streptomycin, 125 mg eveiy 3 hours, was administered intramuscularly 
for 5 days. The temperature remained normal during the entire course of 
treatment, . 
the antlbiol 

on the 5th G . , u . - • • 

rainuria disappeared. The white cell count fell to 9,100 by the end of 10 
days. The temperature throughout tlie hospital stay was normal e.\cept 
for the 6th and 19th days, when it rose to 100. J® and 200.8®, respectively* 
On the 7th day, the number of white cells in the urine increased to 30 to -10 
per high-powered field. Thereafter, pjTiria persisted, uath 12 to 20 white 
cells per high-pouered field m catheferized specimens. Simultaneously 
with the recurrence of p^niria, nonhemolytic .5^ aureus ivas cultured from 
the unnej tins organism was isolated a number of times but disappeared 
simultaneously with the pyuria after treatment with penicillin. 

Because of the recurrent pyeloneplintis, the patient was referred to 
another hospital for complete study of the renal tract- 

Case 2 A -1-munth-old boy, was admitted because of convulsions of 24 
hours duration (fig 88) The present illness began 10 days prior to admis- 
sion, when the patient developed a mild upper lespiratory infection, winch 
had an uneventful course until the 4th day, when the temperature rose to 
103®F- The patient did not appear particularly ill, but on the next day the 
temperature was 104®F Examination by a physician at that time revealed 
nothing of note, and treatment with an antipyretic led to a fall in tempera- 
ture to 100°F for 24 hours The next day the temperature was 103°F and 
the patient was given one of the sulfonamide drugs; this produced a mod- 
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A febtile episode ou the 26Ui day was probably related to an upper -re- 
spiratory infection, since redness of the pliarynx and a watery nasal dis- 
charge uere present at tins time. 

Type B //. influenzae was isolated from the throat in pure culture several 
times after recovery from the influenzal meningitis. The patient was ob- 
served in the hospital for 2 weeks following the cessation of penicillin treat- 
ment and showed no residua or sequelae of the meningeal infections. This 
part of the course of the illness is not included in figure 88. 

CoseS. A 10-month-old girl (fig. 89) became ill 2 days prior to admission, 
when she cried much more than normally and became markedly drowsy. 
On the day before entry, slic began to vomit, appeared pale, was unusually 
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Fig S9 Chart illustrating a complicating S aureus pneumonia during recovery 
from II influenzae meningitis and Imctcrcmia (10). 


'varm, and slept almost constantly. Later m the day, when stiffness of the 
neck and a temperature of 103®F were noted, the patient w’as referred to 
this hospital 

Physical examination revealed a well-developed, well-nourished girl who 
was extiemely icstlcss, breathed rapidly, and emitted frequent high-pitched 
cries 'The tcmpcratuie was 105.6‘’F, the pulse 150, and the respirations 
•14 She reacted i cadily to painful stimuli. The anterior fontanelle was 
normal. There was an internal strabismus of both eyes. The neck and 
back weie stiff Kemig’s sign was negative. There was a small area of 
consolidation m the midportioii of the right lung posteriorly. The re- 
mainder of the physical examination was within normal limits. 
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puniloutcMullUc, :uul the inui:ous membrane uas reddened. The pL'irjiiv 
WHS sVigUtly reddened b\iV othenriiD nornwh T}i(> neck and ))ack nerc 
extremely rigid. Ixoniig’s sign was markedly posirivc InlaferaJIy. Tlic 
c.xiimiuatioii was otherwise whbin normal limits. 

On the patient’s admission the urine was nonnaJ e\ccpt for a slight 
amount of albumin. The whitC'cell count wa.s 8,i!>t}0, uitli -10 jjer cent 
neutrophils, 19 per cent lyinidiocytcs, 3 jicr cent monocytes, and 2 per cent 
basophils. The hemoglobin nas 11 gin. The spinal /laid uas under in- 
creased pressure and contained 30,-lDD celhs per cubic millimeter, 91 per 
cent of which were polymorphonuclear leucocytes. The .sugar nas 30 rag/ 
lOO cc, and the protein 50 mg. Many gram-negative pleomorphic rods that 
e.xhibitcd capsular swelling with TyjX! B arUi-influenza .serum acre present. 
Cultures of the spinal fluid, blood, and nose acre positive for 2'ypc B 11. 
injlucmae. This organism could not be ilemonstratcd in the phao’i^'^' 

Immediately after the ctiologj' of the meningitis liad been established, a 
dose of 20,000 units of streptomycin U'as administered intrathccaUy. 
Twenty-four Imurs later, drug adininistnition b^’ (he intramuscular route 
ia doses of 50,000 units every 3 hours was also started. Thciapy was con- 
tinued by intramuscular injection for 8 days and intrathcailly for 5 addi- 
tional days. During the 2nd, 3rd, and 1th days, because of the patient’s 
failure to improve clinically, intraspinal injections of 20,000 units of 
streptomycin wcie given evciy 12 hours. The spinal fluid nnd blood cul- 
tures became negative for ff. influcmoc within 21 hours after therapy was 
instituted. The convulsions, twitchings, stilT neck and positive Kernig's 
sign disappeared after 1 1 days of treatment. 

On tho Stii day, the temperature rose to 104.G°F. Blood and spinal 
fluid cultures, ivliich Jiad been mailc daily, showed a coagulase-positi^’o 
hemolytic S. aurcjis continually from the 7th daj' onward, but because 
the organisms grew very slowly and tlie /irst three cultuies ^vere considered 
to be possible contaminants, tlie diagnosis of staphylococcal nicningitis and 
bacteremia was not made until 1 week after onset. S. aureus was pres- 
ent in the nose in puie culture on the 8(h day. In spite of the new infec- 
tion of tlie meninges, the clinical condition was impro^'ing lapidJy e.\'cept 
for the appearance of a scariatiniform rash over the entire body from the 
lOtb to the 12th day. 

Because spinal-fluid and blood cultures were persistently positive for 
,S. aureus, penicillin was given intrathecally, 25,000 units every 24 liours, 
and intramuscularly, 15,000 units every' 3 hours, for the first 8 days, 
when the amount administered by each route was doubled because spinal 
fluid and blood cultures still revealed the causative organism. Folloiving 
the increase in dose of the antibiotic agent, these cultures rapidly became 
negative. 
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A febrile episode on the 2Gth day was probably related to an upper-re- 
spiratory infection, since redness of the pliaiynx and a watery nasal dis- 
charge n ere present at this time. 

Type B //. influenzae was isolated from the throat in pure culture several 
times after recovery from the influenzal meningitis. The patient was ob- 
serv’cd in the hospital for 2 weeks following the cessation of penicillin treat- 
ment and showed no residua or sequelae of the meningeal infections. This 
part of the course of the illness is not included in figure 88. 

Case 5. A 10-month-old girl (fig. 89) became ill 2 days prior to admission, 
\vhen she cried much more than normally and became markedly dro\vsy. 
On the day before entry, she began to vomit, appeared pale, was unusually 
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Fig b9 Chart illustrating a complicating 5 aureus pneumonia during recovery 
from H injlucnzae meningitis and bacteremia (10) 

warm, and slept almost constantly. Later in the day, when stiffness of the 
neck and a temperature of 103®F were noted, the patient was referred to 
this hospital 

Pliysical examination revealed a well-develoi>ed, well-nourished girl who 
was exticmely restless, breathed rapidly, and emitted frequent high-pitched 
cries The tempcratuie was 105 6°F, the pulse loO, and the respirations 
44 She reacted readily to painful stimuli The anteiior fontanelle was 
noiinal There was an internal stmbismus of both eyes. The neck and 
back weie stiff Keimg’s sign was negatne. There was a small area of 
consolidation in tlic midportiou of the right lung posterioily. The re- 
m.aindcr of the physical examination was within normal limits. 
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purulent exudate, and tiie mucous membrane was reddened. The phaiynx 
was slightly widened hut olherwisK) norma/, Tiie neck and liack were 
extremely rigid. Keniig’s sign u-as markedly I^a^itive Ijil.deraMy. TJic 
esaniination was otherwise within normal limits. 

On the patient’s admission the urine was nonual e\cept for a slight 
amount of albumin. Tlio white-cell count wan 8,500, witJi 46 per cent 
neutrophils, 49 Jicr cent lymphocyle.s,3 jicreent monocytes, and 2 percent 
basophils. The hemog/obiii wjis 11 gm. Tiie spinal fluid uas under in- 
creased prcssuiG and contained 3(>,.|00 cells per cubic millimeter, 01 per 
cent of uliicli were polymorphonuclear leucocytes. The .sugar was 30 rag/ 
100 cc, and the protein 50 mg. Many gram-negative pleomorphic lods that 
exhibited capsular swelling v\ i(h Ty/x; B anti-influenza &enjm were present. 
Cultures of the spinal fluid, blood, and 110^0 were positive for Type B //. 
injlwmae. Ibis organism could not be deiuonstrvited in the pharynx. 

Immediately after the ctiologj' of the meningitis had been established, a 
dose of 20,000 units of slreptomyein was administered intrathecjlly. 
Twenty-four hours later, drug administration by the intramuscular route 
in doses of 50,000 units every 3 hours was also started. Therapy was cod- 
tinned by intramuscular injection for 8 <lays and intnithccally for 5 addi- 
tional days. During the 2nd, 3rd, and /th days, because of the patient's 
failure to improve cliniadly, mtm^pin;d injections of 20,000 units of 
streptomycin weic given ovciy 12 hours. The bpinal fluid and blood cul- 
tures became ncgati\’o for I/, tnfixtenzac within 24 hours after therapy was 
instituted. The convulsions, twitcliings, sti/I neck and positive Kernig’s 
sign disappeared after 11 days of treatment. 

On the 8th day, the temiJerature rose to lOi 0®F. Blood and spinal 
fluid cultures, wliich had been made daily, showed a coagulasc-positive 
hemolytic S. aurais continually from the 7th day onward, hut because 
the organisms giew very slowly and the first three cultuies were considered 
to be possible cont.aminants, the diagnosis of staphylococcal tnenmgitis and 
bacteremia w-as not made until J week after onset. S aureus was pres- 
ent in the nose in pure culture on the Sth day. In spite of the new infec- 
tion of the meninges, the clinical condition was improving rapidly except 
for the appearance of a scarlatiniforni rash over the entire body from tlie 
10th to the 12th day. 

Because spinal-fluid and blood cultures weio persistently positu'c for 
S. aureus, penicillin was given mtrathecally, 25,000 units every 24 hours, 
and intramuscularly, 15,000 units cveiy 3 hours, for the flist 8 days, 
when the amount administered by each route was doubled because spinal 
fluid and blood cultures still revealed the causative organism. Following 
the increase in dose of the antibiotic agent, these cultures rapidly became 
negative. 
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A febrile eijisode on the 2Gth day was probably related to an upper-re- 
spiratory infection, since redness of the pharynx and a watery nasal dis- 
charge were present at this time. 

Type B U. influenzae was isolated from the throat in pure cultuie several 
times after recovery fioni the influenz.al meningitis. The patient was ob- 
served in the hospital for 2 weeks following the cessation of penicillin treat- 
ment and slio\\ ed no residua or sequelae of the meningeal infections. This 
part of the course of the illness is not included in figure 88. 

CascS. A 10-month-old girl (fig. 89) became ill 2 days prior to admission, 
when she cried much moie than normally .and became markedly drowsy. 
On the day before entry, she began to vomit, appeared pale, was unusually 
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Fig 8‘J Chart illustrating a complicating S aurews pneumonia during recovery 
from 11 tnJJucmac meningitis and bacteremia (10) 

warm, and slept almost constantly Later in the day, when stiiTness of the 
neck and a tempeiaturc of 103°F were noted, the patient was referred to 
this hospital 

Physical examination levealed a well-devcloiied, well-nourished girl who 
was extienieJy icstlcss, breathed rapidly, and emitted fiequent high-pitched 
cries The tempci.vtuie was 105 6®F, the pulse 150, and the respirations 
44. She icactcd icadily to painful stimuli. The anterior foiitanelle was 
normal Thcic mus an mtein.al strabismus of both eyes. The neck and 
back weie .stiff Keiiiig’s sign was negative. TIicio was a small area of 
consolidation in tJie niidpoition of the right lung posteriorly. The rc- 
inamdcr of the pliysical examination was witliin normal limits. 
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punilcnt exiulale, and tho miiuous membrane uas rcdiioncd. TJie 
svas slightly reddened hut othenvlsu normal. Tijo neck and back acre 
extremely rigid. Kendg’s sign was markedly po>}tivc hilaferally. The 
c.vamination was otherwise within norma! limits. 

On the patient’s admission the urine w.'is nonnal except for a slight 
amount of albumin. The white-cell count was 8,500, with 16 per cent 
neutrophils, 19 j>cr cent iymphocj'les, 3 ikt cent monocytes, and 2 per cent 
basophils. Tlje licjnoglobin was II gm. The spinal /hiid was under in- 
creased piessure and contained 3G,J00 eelI.-> {wr cubic niiJJimcler, 91 per 
cent of wliich were polymorphonuclear leucocytes. Tiie sugar was 30 rag/ 
100 cc, and the protein 50 mg. Maio'gram-negativ c pleomorphic rods that 
cxiiibited capsular swelling with Type B anti-influenza scnim acre present. 
Cultures of the spina! fluid, blood, and nose were po.sitivo for Type B //. 
injlucnsae. This organism could not be <!emonstrated in the pharjm. 

Immcdiatelj’ after tJie ctiologj' of the meningitis had been established, a 
dose of 20,000 units of streptomycin was administered intrathecally. 
Twenty-four hours later, drug admmistration hy the intramuscular route 
in doses of 50,000 units every 3 liours wa.s also started. Therapy was con- 
tinued by intramuscular injection for 8 days and intmfliecally 5 addi- 
tional days. During the 2nd, 3rd, and 1th days, because of the patient’s 
failure to impiovc clinically, mtrx‘'pinul injections of 20,000 units of 
streptomycin were given i>vcry 12 hours. Tlic spinal fluid and blood cul- 
tures became negative for If. tnfiucnzac within 24 Jiours after therapy was 
instituted. The convulsions, twitchings, stiff neck and positive Kernig’s 
sign disappeared after 11 days of treatment. 

On the 8th day, the temperature rose to J04.G'’F. Blood and spinal 
fluid cultures, which had been made daily, showed a coagulasc-positivc 
hemobdic S. aureus continually fiom the 7th day onward, but because 
the organisms grow veiy slowly and the hist throe cultures were considered 
to be possible contaminants, the diagnosis of staphylococcal meningitis and 
bacteremia was not made until I week after onset. S. aureus was pres- 
ent in the nose m pure culture on the 8th day. In spite of the now infec- 
tion of the meninges, the clinical condition was improving rapidly except 
for the appearance of a scarlatiniform rash over the entire bodj' from the 
lOtb to the 12th day. 

Because spinal-fluid and blood cultures wcic persistently positive for 
&. auTCUSy penicillin was given intrathccally, 25,000 units every 24 hours, 
and intramuscularly, 15,090 units every 3 hours, for the first 8 days, 
when the amount administered by each route was doubled because spinal 
fluid and blood cultures stiU revealed the causative organism. Following 
the increase in dose of the antibiotic agent, these cultures rapidly became 
negative. 
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clear. In two of the patients there was a lemarkable change in the bacte- 
rial flora in the nose and throat before the new disease developed . Organ- 
isms that were apparently present in such small numbers that they ^Ye^e 
not detected early in the course of treatment increased in number aftei 
administration of streptomycin and invaded the tissues. That the new 
infections were not merely the result of numcxical increase of one of the 
normal inhabitants of tho nose and throat is evidenced by the fact that 
changes in the nasopharyngeal flora following the use of streptomycin 
were frequently observed without a resultant new infection. 

It is possible that in some persons, a high degree of bacterial antagonism 
exists in areas like the nasopharynx and that certain groups of bacteria are 
kept in check by others. So long as this normal relationship is not dis- 
turbed, the numbers and invasive ability of some of the organisms may be 
kept below a critical level ; when, however, some of the bacteria arc removed 
as a result of contact witii an antibiotic agent of high specificity, those or- 
ganisms that are unaffected by the drug increase sharply m number and 
possibly in virulence. This phenomenon may be entirely due to an increase 
in numbers of bacteria if the microorganisms are of sufficiently high viru- 
lence. Ago, the presence of chronic infection or other debilitating condi- 
tions, and preceding chronic or acute pulmonary disease are important fac- 
tors in increasing the susceptibility to new infections during antibiotic 
therapy. Tlie type of organisms normally present in the pharynx is de- 
pendent to some degree on the general distribution of various bacteria in the 
population during certain seasons of the year. Tins will determine, in part, 
the organism that produces a new infection during the course of treatment 
with a specific antibacterial agent; for example, in summer, the carrier rate 
for H. injlnenzae is low and the chance that invasion by this oi^anism will 
occur as a result of penicillin treatment is less than it is in winter. As 
S. aureus is present in tho pharynges of most persona at all times, the 
seasonal factor probably plays only a minor role in production of disease by 
this or^nism in patients who receive streptomycin. 

C0iIU£NT3 

The spontaneous occurrence of new infections due to nonsusceptible or- 
ganisms during the course of streptomycin therapy raises tlie question of 
the use of this drug in instances where the exact bactcriologic diagnosis is 
unknown, because patients may be cxpo&ed to the added danger of super- 
imposed bacterial diseases witliout any benefit to the primary proccss. 
For example, the tivatmcnt of virus infections with streptomycin may be 
dangerous because this agent has no effect on the primary disease and may 
allow organisms that are normally present on various tissues and are not 
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The wliite-cell count on admibbton was 10,850, with 70 per cent neutro- 
phils, 29 j)cr cent b'lnphocytes, and 1 per cent monocytes. The hemo- 
globin was 12.3 gni. Ihc spinal fluid was under increased pressure and 
contained 18,250 cells per cubic millimeter, 80 per cent of which were poly- 
morphonuclear leucocytes. The protein wiis 114 mg/100 cc, and the sugar 
26 mg. Direct examination revealed gram-negative pleomorpliic rods that 
gave capsular swelling with Tyjx; II anti-innuenza serum. The blood cul- 
ture revealed Ij’pc B II. injlucmae. Nose and throat cultures were nega- 
tive for II. tnjliicmac. 

Ircatment with streptomycin was started immediately after admission. 
A dose of 100,000 units was given intramuscularly every 3 hours for 5j 
days. After 2 days without treatment, the drug was again gi\en and 
1,200,000 units was administered hi the next 30 hours. Fifty thousand 
units of the antibiotic agent was instilled into the spinal canal on admis- 
sion, and 25,000 units was given every 21 liours thereafter for the next 
10 days. 

The blood and spinal-fluid cultures re\ calcd no organisms 24 hours after 
the beginning of treatment, and none wcic recovered during the remainder 
of the course. The clinical condition improved somewhat in that the tem- 
perature reached a normal level on the 5th day, but coma and twitchings 
persisted. On the 5th day, a pure culture of S aureus appeared in the 
nose and throat, and this organism was isolated every day thereafter. On 
the 8th d.ay, the temperature suddenly rose to 102®F, and it remained at 
high levels for the rest of the course. Physical e.vamination at that time 
revealed no abnormalities, but on the following day moist, crackling rales 
were heard throughout both lung fields and x-ray examination revealed 
diffuse bilateral bronchopneumonia. Since it was thought that this was 
probably due to S. aureus, the patient was treated with penicillin 15,000, 
units being given intramuscularly every 3 hours for the next four days. 
The patient remained in coma, convulsions became more frequent and 
severe, the temperature continued to be elevated, and death occurred on 
the 12th day. Blood cultures grew out S. aureus during the last 22daj’s 
of life. 

Autopsy revealed that the brain was within iioimal limits except for two 
small plaques of fibrin, one on each of the cerebral liemispheres; bacterio- 
logic studies w'ere negative The lungs showed a diffuse confluent bron- 
chopneumonia from which a coagulase-positive hemolytic S. aureus was 
isolated. 

Cause of development 

The mechanism of the development of the type of infection described in 
the individuals whose clmical histories are presented above is not at all 
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susceptible to its activity to grow profusely anti invade. The occurrence 
of this tyjw of bccondarj' infection is a strong argument for limiting use of 
any of the antibiotic agents to those cases in uhich bacterial disease is 
proved by isolation of the causative agent or to those in \\hich the possi- 
bility of bacterial infection is veiy strong. 

Although it might appear that the availability of such agents as strepto- 
mycin and penicillin has redneod the nccc^sily for careful bacteriologic 
htiulich in patients with infectious diseziscs, the cvact opposite is the case 
The highly siiccific antibacterial acthif^' of these drugs necessitates exact 
identification of (he causative agents of the infections for uhich they are 
used, and the need for careful bacteriologic study is greater now than it was 
jirior to the advent of the antiliiotic substances. This applies not only to 
the ixiriod of the disease before treatment is started but also to the time 


during winch therapy is being given. Otherwise, the manifestations of new 
infections of the tyiKs described in the cases reported above might be mis- 
interpreted as due to failure of the original disease to respond to the drug 
being used. Fiequont bacteriologic examination of the blood and of the 
nose and throat of patients who arc being treated with an antibiotic agent, 
even though the patients scorn to be progressing well, is to be highly recom- 
mended because a marked increase in numbers of an organism in the naso- 
phar>'n\ frequently precedes, by at least 24 hours, invasion of the tissues by 
the organism. The discovery of a preponderance of //. injlucnzae or S. 
aureus in the uasopharjiigcal flora during the course of peniciJIm or strepto- 
mycin treatment should put the physician on guard for a complicatmg 
infection due to either of these organisms, particularly if the patient is a 
young child and has a pulmonary infection. 

Since new infections may occur spontaneously during administration of 
penicillin or streptomycin, the question may be raised w hetber or not these 
two agents should be given simultaneously to patients who are particularly 
susceptible to such an event, namely, the very young or verj’ old or those 
with chronic debilitating disease. The combined use of the antibiotic drugs 
in a shotgun fashion with the implication that bacteriologic e.xaminatiou is 


then not necessar>' can only be decried. Although each of these agents is, 
on the whole, nontoxic, certain patients may become sensitized to the point 
where these antibiotics cannot be used. Treatment by a combination of 
both drugs with an untoward sensitizing reaction maj* preclude use of 
either agent some time later in the patient’s life when liis survival maj' 
depend on the drug To advocate empIo>Tnent of a combination of peni- 
cillin and streptomycin would result m exeu greater misuse of these drugs 
than that to which they are at present subjected, and would only further 
their use in many diseases m which there is no infectious basis. 
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USE OF STREPTOilYCIN AND OTHER ANTI- 
BACTERIAL AGENTS FOR RECOVERY 
OR ISOLATION OF VIRUSES 


Selective media have long &cr\'cd the JxwterioJogist in the i.solation of 
certain microorganisms from mixed flora. Subject to overgrowth or in- 
hibition by the less fastidious and more vigorous inhabitants of tlie en- 
vironment, certain microbes were cultivated successfully when dyes and 
other agents selectively inimical to the tmwanted bacteria w ere incorporated 
into the culture medium. 

The virologist, confionted with the task of recovering viruses from 
admixtures \Yith bacteria, relied chiefly for years on the principle of differ- 
ential filtration. Ho\Never, the purely physical difficulties mlieient m the 
use of filters of different composition and poiosity have limited filtration as 
a device for the separation of viruses from mixtures with less minute con- 
taminants. The availaliility of suitable laboratoiy animals, susceptible to 
a certain virus, sometimes pemiitled isolation of the virus from communi- 
ties of microbes of low or indifferent pathogenicity Recognition of the 
potentialities of sulfonamide therapy against bacterial infection soon em- 
phasized the rcfractivity of viruses as a group to these compounds and sug- 
gested their use in a selective role. Certain factors., particularly toxicity 
for tlie host organi&m and development of drug-iesistant variant bacteria, 
however, have curtailed the apphcabUily of various sulfa drugs for eliminat- 
ing bacterial contamination fiom virub-lieaimg matenals 

Penicillin, a forciunner of the new era of antibiotic thciapy, soon drew 
consideration for possible us-c in fiecing vuuse.s and virus-like agents of 
contaminating miciobes. Certain deficiencies of this agent foi the purpose 
intended became appaient early (22, 49) and prompted efforts to comple- 
ment or abet activity of the drug by the addition of sulfonamides and othci 
compounds (2U) With the definition of additional antibiotic substances, 
-exeral of these, paiticuluily stieptomycin, have been employed separately 
or in combination. Literatuie tK>anng on the subject is reviewed in this 
chapter with the object of evaluating the merits and limitations of tJie 
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^^erc^lrial compounds 

Merthiolate, 1:10,000 concentration, employed as a preservative for 
serum used in Newcastle vims neutralization teats, was appaiently not 
toxic to 8- to 10-day old embryonating eggs injected with 0.1 ml of treated 
,senjm-vinj.s mixtures by wa 3 ' of the allantoic cliambei (33). Toxicity trials 
by Hrandly d al. (3) showed that 0.1 ml of cliickcn aeiiim containing 0 05 
per cent (1:2,000) meithiolate when injected into the allantoic cavity pro- 
duced a lethal effect in a high proportion of 10- to 12 -da 3 ' chicken embryos. 
However, 0 02 per cent (1 : 5,000) and 0 01 per cent (1:10,000) dilutions in 
serum weic without appaient effect on the cmbrj'o. Hammon and Reeves 
(19), in similar teats of seiu foi St. Louis and Western equine encephalitis 
vims neutralization, found that merthiolate in concentrations of 1:10,000 
was not mjunous w’hen given to wliite mice intraccrcbrally in the usual 
doses. 

Other compounds of meicuiy including meicuric cyanide, 1:10,000, and 
phenyl mercuric boiate, 1:50,000, employed as anticontaminants were 
likewise found nontoxic to mice when injected intraccrebialiy W’ith test sera 
in the concentrations indicated (19). 

Para-aminobenzoic acid (PABA), thiough virtue of the bacteriostatic 
efficaci' of ils vaiious analogs, has found application, for its possible differ- 
ential selectivity, in the isolation of vimses and rickettsiae. In studies on 
chemotherapy (11, 12, 35) no elTect was noted fiom the injection of as 
much as 11 mg of PABA into the j'olk sac of 7- to 8-day fertile eggs. AVhen 
fed as 0.5 per cent of the diet, PABA appaiently had no effect on mice or on 
the course of moculation-mduced psittacosis (strain 0 BC). 

Sulfonamides 

In 1944 Siguidsson (47) icpoited that 7- luid 12-day chicken embryos 
would toleiate sodium sulfadiazine in 40-mg quantities when injected into 
the amnionic sac and upon the scio.sa. 

The undescribed pieliminary expenments of Ro&e et al (44) with sulfa- 
diazine did not stipulate any toxic or other injurious effects upon 11-day 
embryonating eggs or upon chicken embryo tissue cultuies 

Chemotherapeutic studies on strain G BC psittacosis failed to leveal any 
'toxicity of sodium sulfadiazine in 50 mg per cent solutions upon IMaitland 
tissue cultures or 8-day embiyonating e{^ (11) The latter were injected 
w ith 2.5 to 10 mg amounts into the yolk sac Five-tenths per cent of sulfa- 
diazine m the diet of mice foi 7 to 14 daj's was not found to be toxic to the 
mice employed m psjtlaco,sjs infection studies (12). Sulfadiazine, 0. 1 ml of 
a o per cent solution, injected into the amnionic sac of 13-day chicken em- 
bryos was witliout demonstrable cITect on the embryo or tlie course of the 
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various antibiotic bubsfaijces for isolating and manipulating a number c 
vinibos. Pertinent data and studies with t'crfain ricketiM'a, bacteria, am 
jirotozoa are alf-o nientionetl briefly. Summarization of information o, 
antibiological agents may be accompiisbeil cliiefly from the standpoints o 
(a) iiost and tissue lulomnce; (b) elTect on the vinis or organism of nhici 
the isolation or recoveo’ Is songlu; and (c) certain ciTects on the flora to b 
controlled or destroyed, 

Hosr A.vw Tissue Toni.iu.vcE 

Possible injurious c/Tccts upon the best organism or eelLi in vihich tin 
vima or vinis-hke agent Is to bo propagatciJ require primarj' considerafior 
in the search for substances u-jth suitable suppn?*sive activity against un- 
desired or contaminating organisms. -V perioiJ of contact betucen the con- 
taminated material and iclathcly high concentrations of the antimicrobial 
agent would appear to offer certain advantages if suitable dilution can be 
accomplished prior to inoculation. If, lion ever, the contaminating organ* 
ism*! aic not killed ehiring (Ids Intoival, their effective suppression aftor 
introduction into the host (kssucs may not be accomplished. The ideal 
antibiotic obviously .diould have the pmperty of Ix’ing usable in quantities 
or coneciitrations that will eliminate or inhibit the contaminants irithout 
significant injiirj’ to the ho.-.t and without favoring development of resist- 
ance or fastnc.-w to (he suppressant among the population comprising the 
unwanted flora. 


Dclcrtfcnt aymls 

Zephiriin, a mLvtuie of high molccularalkyl-dimethyl-lienzyl-aimnomtim 

chlorides, was used in several attempts to free throat washings fl3, -7, 2Sh 
contaminated allantoic fluids, and sera (19) of bacteria in order to permit 
isolation of \-inis agents- or senim neutralization tests. Given mtranasally 
to mice in toxicity Inals, 0 05 ec of 1 : 1,000 solution of zephiran in normal 
saline did not produce pulmonary' irritation (27, 28) Quantities ofO.I ml 
of a 1 ;5,000 solution injected into the allantoic cavity of 10-day embrj’onat- 
ing chicken eggs weic not injunous dunng the sub.=equent obscix-ational 
period of 78 hours (28) In other work (13) no lefcience was made to pos- 
sible injurious effects of zephiran on the chicken embryo. Tlie ma-ximum 
concentration of zephiran in the inocula was 1 : 10,000 (28) 

Othei detergents used in these studies (27), Tergitol pcnctiant (sodium 
alkyl sulfate), Oakife, A’o (13 (tnsodium phosphate compound), and soap 
(Ivory) were not toxic when administered mtranasally to while mice in 
005 mi of a 1:1,000 concentration in saline (Tergitol) or of a l.'lOO emulsion 
of Oakite or of Ivory soap. 
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sant effect upon bacteria admixed with viruses. Trials of the first three on 
the bacterial flora of fluids and cultures harboring I'r. foetus (53) did not 
include detenninations of tolerance or toxicity for animal hosts or tissues. 
Streptothricin introduced on the serosa of 8-<lay eggs at the rate of 500 units 
per egg was apparently very toxic, since only 9 per cent of the embryos 
sumved 6 days after treatment (15). 

Penicillin 

Used alone as an antibacterial agent, penicillin, chiefly as the sodium salt, 
has not been reported to show to.\ic or injurious effects upon tis.suc cultures 
(11, 39, 4-4), developing chicken embryos or the extra -embryonic membranes 
(2, 3, 5, 11, 18, 21, 23, 37, 38, 39, 41, 43, 44, 45, 52), mice (12), monkeys (2), 
or rabbits (17). The maximum quantities of penicillin introduced weie 
oOO units into loller tube tissue cultures (44), 500 units on the chorio- 
allantoic membrane of 11-day chicken embrj'os (43), 4,000 units into the 
allantoic cavity of 10-day embryonating eggs during a 4-day period (3), 
oOO units in two doacs with a 24-hour interval into the amnionic cavity of 
eggs incubated 8 days prior to the first injection (11), and 100 units into 
the yolk sac of 5- to 0-day eggs (2). Mice were given, without apparent 
ill effect, as much as 112,000 units of penicillin by the subcutaneous route 
over a l4-<lay period or by providing 1,000 units of penicillin per milliliter of 
drinking water for continuous consumption. Monkeys were injected in the 
parotid duct with 1 cc of material containing 25 units penicillin (2), and 
rabbits were injected intramuscularly with 24,000 units over a penod of 3 
days (17) without any effect. 

Ihesc maximal amounts of penicillin were contained in sputum (44), 
chorio-allantoic membrane (43), yolk sac suspensions or tissue culture fluids 
(11), saliva (2), normal saline or water (12), vaccine lymph (17), or ali- 
mcntaiy tract and fecal material (3). Penicillin has been employed also in 
combination with other drugs and antibiotics in efforts to augment its 
activity or to o\ercome apparent deficiencies as an antibacterial agent in 
iclationship to cultuie or isolation of viruses, rickettsiae, and certain 
protozoa 

Johnson cl at. (2o), in attempts to destroy bacteria whicli contaminated 
cultures of Tr. vaginalis, added tyiothricin and sulfathiazole (quantities not 
given), but found neither agent advantageous over 500 to 1,000 units of 
penicillin per milliliter. The toxicity of the combination was not tested in 
cmbiyonating eggs or other organisms. 

Bimict and Stone (5), in attempts to isolate influenza vims fiom throat 
washings, injected with no injurious effects, 0.1 ml of 5 per cent sulfadiazine 
into t 1 C amnionic sac of 13-day chicken embryos followed by 0.1 ml of a 
throat washing-penicillin mixtuie containing lo'units of penicillin. 
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innuciiza infection (5). lliis drug, included a‘? O.l per cent of the diet for 
10 (lays, uas not injurious (o mice (42). 

Sodium t.\jlfathia 2 oIe added as a jMcwv'ativc (0.2 per cent) to sera used 
in intiiicciebnd vims neutralization te.sts in mice by Hainmon and Keeves 
(19) became lo\i(5 to the mice after the pic>crved sera had stood for a feu- 
days. Zcjdiiran, merlbiolatc, phenjd mercuric borate and mercuric cyanide 
in the concentrations emploi'cd did not elicit the .‘<?rotoxic efieet (19) 
SnUatbiazole composing 1 0 i>er cent of the diet for 10 days was not liarmAil 
to mice (‘12). The ma.\imun) toJeratwl doH*s of .several sul/a compounds as 
determined by yolk-sac injection of 10-d33'eggs was as follows; promin, 30 
mg; sulfathiazole, 10 nig; pi-onnzole, 1 mg; and several siilfoncs, 0 5 to l.O 
mg per 100 gm of egg (20). 

Snlfap 3 ’ridino, prontosil, jiro^pt.asiiie, and Milfanilamidc wcie employed 
by Kndd and liximct (4G) in intranasal psittacosis infection e.vperinients in 
mice. Sulfapyridine in total quantities of 200 mg over a 72-hour period 
and the other three drugs in 110-mg do'os over 30-hour jioriods ucre non- 
toxic by the intranasal route. 

The literature dealing witli liost tolerance to sulfonamides in combination 
with antibiotics will be reviewed in the later resix*ctive sections. 

Miscellaneous agents 

Patulin introduced daily for 5 days in 0.1-mg amounts upon the serosa of 
11-day embiyonating eggs previously inoculated with fowl pox had an 
injurious elTect Most of the membranes became necrotic, and a large pro- 
portion of the embrj-os died (43). Patulin was found lethal to 16- to 10-gm 
S\\i.ss mice when injected mtrajJcritoneaUy and subcutaneously in 0.25- to 
1-mg amounts Mice that received 0.25 mg intravenously survived One 
per cent butTcr solutions of patuhn caused conjunctival edema, congestion, 
and swelling wlicn diopped into the cj-es of rabbits. Twelve-day chicken 
embn'os were killed by quantities as small as 0.25 ml of a 1:1,000 dilution 
into tin* allantoic chamber and 05ml of I.'SOO solution upon the serosa (48). 

J’ropamidinc and pentamidine, quantities not stated, tested for their 
antibacterial activjtj- on unfilteicd sputums inoculated into embrj-onating 
eggs wcie leported to be lethal to the U-day embrj'os (44) 

Phenol added to chicken sera in final concentrations up to 1 per cent had 
no immediate or delayed a(h-ei>^ effect on 10- to 12-Uaj' chicken embi^-o? 
used for titrating vmi.'' neutralization acta-itj-. Tests were made after 
storage at 6 to8®C for intervals up to U months (3). In other work, phenol 
concentrations of 1 and 2 per cent were not recorded to have an injunoiis 
effect on chicken crnbo'os (6, 51). 

Antibiotics such as clavicin, gramicidin, actinomycm, and streptothnem 
haU apparently found bttle expenmenfal usage for their possible suppres- 
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in 0.2-ml quantities, streptomycin gave no evidence of ill effects on the egg 
(I). Similar iiinocuity of this antibiotic was seen ^\hen used by us (54). 

Effect of Antiuiological Agents on' the Virus or Isolvnt 

According to piesent knowledge, differences in response to antibiotic 
agents among bacteria, rickettsiae, and viruses ate associated wth funda- 
mental differences in the nature and metabolic activities of these organisms. 
Substances such as stieptomycin appear to interfere with or dismpt certain 
of the enzyme systems or metabolic processes of bacteria, often with re- 
sultant complete inactivation or death. On the other hand, the lickettsiae 
and vimses as a group, lacking such systems of metabolism and multiplica- 
tion, am inhibited or letarded only temporarily, if at all. An indirect effect, 
however, may occur whereby the toxicity of the antagonistic agent may 
influence the lioat cells or system adversely. The simpler miciobes and 
viruses, more intimately parasitic as evidenced by requiied intiacellular 
habitat, are frequently unaffected by substances that may interfere with 
the lai^ely extracellular mechanisms of the moie complex organisms. The 
differential activity of penicillin and stieptomycin for gram-positive and 
grum-ncgativo bacteria appears to be reflected in diffeicnces in effect and 
response among larger and smaller viruses; for example, psittacosis vims is 
busceptible to pcnicillm, whereas the influenza vims is not. Certain anti- 
biotic or other agents now known or probably to be found in the futiiie may 
thus be useful in separating mixtures of one or more viruses or rickettsiae, 
as well as in recoveiing vimses, rickettsiae, and bacteria from admixtuics 
'vith one another. 

The natural occurrence or development of resistance or fastness among 
susceptible species of organisms to certain antibiological agents obviously 
bears on the usefulness of such methods of segregation of various microbes. 

Hie recent literature on the subject of isolating certain organisms by 
utilizing selective agents deals chiefly with the effect on unlmown and di- 
vei’se flora with only limited consideration of specific organisms which maj' 
have shown a greater or lesser degiee of fastness In contemplating the use 
of one ora mixture of antibiotic agents ordmgs, the quantitative factor can 
seldom be disregarded with respect to possible specific inhibitorj' effect upon 
the vims or oiganism whose isolation is sought. In the following section, 
attention is drawn to efforts that have been made to determine and evaluate 
the effects of various antibiolc^ical agents or materials on the parasitic 
vims or organism. 

Vinrscs 

liie possibility that any agent which would Kirve to inhibit or inactivate 
bactona might have an inimical effect on vimses in the same environment 
received attention early. 
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Beveridge ci aL (2) attempted direct iyoJation of mumps virus from the 
sjd'jva of man })y firet injecting (he yolk sac of 5- to G-daj* embrj'onating 
eggs with O.-imlof 5 per cent sulfadiazincfolfoued by introductions of cen- 
trifuged saliva (hat had been treated with penicillin to make a final concen- 
tration of 300 units. Isolation of \-inis was accomplished in three of seven 
cates, and no evidence of injurious effect of either drug or of the combina- 
tion of the two was recorded. 

UTien penicillin wa.s u^ed together with streptomycin, no ill effects were 
noted on chicken cmbiyos or on the exlra-C'mbra’onic membranes (1, S, 23, 
30, 32, 45, .52). Tlie range of incubation times prior to injection was from 
7 (52) to 14 (23) days. The sites of introduction included allantoic (1, 45, 
50, 52) and amnionic (23, 30, 40) chambers. The maximal quantity in- 
jected was approximately 4.S00 units -jfeptomycin and 2,000 units peni- 
cillm per egg (8). I'he antibiotic-treatetf inocula reprerented mu^5p^- 
infeeted allantoic fluid (o2>, normal allantoic fluid that had been used to 
wash air from a poultrj* house harbonng chickens infected with Newcastle 
disease (8), human nore and throat washings (32), .<putunis (32, 45), lung 
suspengions (32), saliva (30), chicken respiraior\’ exudates (I), and stools 
(23). 


Slreplomydn 

Since streptomycin has become available aiid its efficacious properties 
hav'e become better know n, it has found considerable u&age either alone or 
in combination with penicillin and other agents in attempts to eliminate 
undesirable bacteria. 

Studies with streptomycin as an antibacterial agent yielded no reports of 
observable ill effects on embiyonating eggs in the concentrations or quan- 
tities employed (11, 31, 35, 45, 49, o2). The test eggs had boon subjected 
to pnor incubation for “ (35) to II (31, 45) days. The streplomycm-bear- 
ing inocula were introduced on the serosi (49), yolk (11, 35) and allantoic 
(31, 45, 52) chambers, and represented tissue culture fluids (11), allantoic 
fluid (11, 52), yolk sac mafenal (35), thixxit washings (31), sputums (45). 
and feces (31). The total quantity of streptomycin used per egg ranged 
from 250 (11) to approximately 54J09 (31) units. 5Iice were given 2S,000 
units at the rate of 200 units a day for 14 days (12) and 5 units ml wa-*- 
employed in tissue cultures (II). Emmart (15), however, reported 6S per 
cent survival of 8-day embiyos treated with 1.000 units stroptomycm on 
the chorio-allantoic membrane 

i. mixture containing streptomycm (4,000 umts), tyrotbricin (0 OS mg), 
and sulfadiazine (2 mg/ml) as defined by Eddie (14) has been used m 
attempts to isolate Newcastle xnnis from material contaminated with 
h^rteria .Vdmlxed in equal proportions \ntb ^e;^piratoly’ imct e-x-udate? of 
. ■ . • iho ^llfintnio ranfvof JO-dav pmbr\-onatine ecc* 
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in 0.2-ml quantities, streptomycin gave no evidence of ill elTects on the egg 
(1). Similar innocuity of this antibiotic was seen when used by us (51). 

Effect of Axtibiologic.vl Agents ox the Viuus or IbOL-vxT 

Accoiding to present knowledge, difTeionccs in response to antibiotic 
agents among bacteria, rickettsiae, and viruses are associated with funda- 
mental differences in the nature and metabolic activities of these organisms 
Substances such as streptomycin appear to interfere with or disrupt certain 
of the enzjTnc systems or metabolic pioccsses of bacteria, often uith le- 
sultant complete inactivation or death. On the other hand, the rickettsiae 
and viruses as a group, lacking such systems of metabolism and multiplica- 
tion, are inhibited or retarded only temporarily, if at all. .Vn indiicct effect, 
however, may occur ^\hcreby the toxicity of the antagonistic agent may 
influence the host cells or system adversely. The simpler microbes and 
viruses, more intimately paiasitic as evidcnceil by requiied intracellular 
habitat, arc frequently unaffected by substances that may interfere uith 
the largely extracellular mechanisms of the more complex oiganisms. The 
differential activity of penicillin and streptomycin for giam-positivo and 
gram-negative bacteria appeals to be leflcctcd in differences in effect and 
response among larger and smaller viruses; for example, psittacosis vims is 
susceptible to penicillin, whereas the influenza virus is not. Certain anti- 
biotic or other agents now known or probably to be found in the future may 
thus be useful in separating mixtures of one or more viruses or rickettsiae, 
2 S well as in recovering vimses, rickettsiae, and bacteria from admixtures 
uith one another. 

The natural occurrence or development of resistance or fastness among 
susceptible species of oiganisms to certain antibiological agents obviously 
bears on the usefulness of such methods of segregation of various microbes. 

The recent literature on the subject of isolating certain organisms by 
utilizing selective agents deals chiefly with the effect on unloiown and di- 
verse flora with only limited consideration of specific organisms which may 
have shoun a greater or lesser degree of fastness. In contemplating the use 
of one or a mlxtuie of antibiotic agents or drugs, the quantitative factor can 
^Idom be disregarded with respect to possible specific inhibitory effect upon 
the vims or organism whose isolation is sought. In the following section, 
attention is drawn to efforts that have been made to determine and evaluate 
the effects of various antibiological agents or materials on the parasitic 
vims or organism. 

Firi/scs 

The possibility that any agent which would serve to inlnbit or inactivate 
bacteria might have an inimical effect on viruses in the same environment 
received attention early. 
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The work of JCrucger and abboi-iaici) (27, 28) dealt with various deteigcnts 
as antibacterial agents in contaminated allantoic fluids, saliva, and mouse 
lungs which earned influenza A or B viruses. Concentrations of zephiran 
tuenty times as gieat as that lerjuircd to eliminate the bacteria nithin 20 
minutes at room temperature wene uitliout liarraful c/Tcct on tlie virus 
strains used. 7cigitoI penetrant, "So. 7, 1:2,000 in J per cent infected 
mouse lung leduced the activity of the influenza viiU'-e.? as indicated by in- 
creased sun-ival time of the infected mice from 4 to C days to 10 or more. 
Oakite, Xo. 03, 1 : 100 had some inactivating c/Tcct on tlie t^'pe B virus but 
not on the A type. Ivory soap 1:100 lendcrcd tlic 5 per cent suspension of 
B vinis partly inactive and the A virus con)pletely so in 40 minutes. Other 
workers (13) icported tliat throat washings treated with zephiran as de- 
scribed (27, 28) sliowed subscQUciit overgrowth of bacteria; hence, the 
possible effect of zephirin on any influenza vinis uhich may have been pies- 
ent could not be evaluated 

Subsequent attempts by Hirst (20) to free throat wasliings of contaminat- 
ing bactena by use of various concentrations of gramicidin and sapamine 
failed, since concentrations that injured the bacteria also injured the virus 

Sulfadiazine in doses up to 40 mg failed to alter the influenza A virus m* 
fectivity end-points or the hemagglutinin titers of tlie chicken ollantoic 
fluids (-17). Rose cl al. (14) were unable to evaluate the possible effect of 
sulfadiazine on vims in influcnza-sus|)ccted spiitums, since preliminao' 
cxjiciiments indicated that even in high concentrations the drug was in- 
adequate as a bactcnostatic agent. Burnet and Stone likewise wero unable 
to a.scortain any anti-mfluenzji vims effect because sodium sulfadiazine 
failed to control bactonal contamination. 

Obsci vablo injurious effects of swlium iietiicillm on influenza vimses A 
and B m vimous menstrua were not seen in isolation or infcctivity trials on 
tissue cultuics, enibrj-onatmg eggs, and mice (5, 21, 32, 44). Tlie range of 
Iienicillin concentrations was from JOO (5) to 1,{X)0 (44) 0.\foul units per 
milliliter 

Streptomycin did not inhibit the growth of PI?8, Olsen and Lee, strains of 
tnfluonza virus injected into the allantoic chamber of 11- to 13-day cm- 
biyonating eliicken eggs. Jlassivc quantities, 12,000 units, were given 
over a 24-hour penod (10). As much streptomycin as 2,500 units ml, or 
5 200 units per egg. had no ailversc effects on a strain of influenza A virus 
(31) 

AVlieii infinenza-infeiied uo»e .md throat washings and mouse lungs weie 
tieated with a eorubination of 1,000 imits/ml of stieptomycin and 500 
unhs/ml of peiiicdlm theie wa.- no apparent mhibitha of gionth of types 
A and B influenza viius (32). . 

Newcastle disease virus, which has some piopertics in common with m- 
(41 has not been found to be mjmed or altered by merthiolatc, 
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1:5,000 in chicken ^erum (3); by phenol, 1:100 in chicken senira (3); by 
sodium penicillin, 4,000 units or less per embiyonating egg in allantoic 
fluids (3, 41), intestinal content (3), or MJiuin (41) 

-Mixtures of penicillin and streptomycin, 1,000 units each per milliliter, 
Used for isolating Newcastle vims from avinlatcs and tissue suspensions, 
appeared to have no moie effect on the recover}' of the vims than did filtra- 
tion (1). Similar results were obtained with the mixture of Eddie (14). 
In evaluating the suitability of sticptomj'cm for Newcastle vims isolations 
from various tissues of chickens, Thompson (50) found that 25 mg (25,000 
units)/ml, a concentration of sufficiently low toxicity to tlie embiyonating 
egg, did not reduce the titer of the 11914 strain of vims m tissues at ice-box 
temperature, but at room tcmpenituic a slight drop in vims titer occurred 
after 4 days. 

Newcastle virus was isolated from the air of infected poultry houses by 
drawing the air through normal allantoic fluids and, after treatment with 
24,000 units streptomycin and 10,000 units i)cnicillin/ml, inoculation into 
ll-dayeggs (8). 

The DEI strain of fowl plague (fowl pest) virus (38) appeared to be 
unaltered by the same concentrations of penicillin, phenol, and mcrthiolate 
employed in studies until Newcastle disease virus (3). 

Mumps virus was isolated directly from saliva introduced into 5* to 10- 
day embiyonating eggs or indirectly through monkeys by the use of peni- 
cillin, 100 to 300 units per egg, or by combining penicillin with the injection 
of 0.4 cc of 5 per cent sulfadiazine into the yolk chamber (18) 

Mumps vims growth in 7-day embryonating eggs was not influenced by 
500 units/ml of penicillin or by 100 fig/ml of streptomycin or by these anti- 
biotics combined in the same concentrations. Preinoculation storage was 
held at 4°C for as long as 20 days (52) Addition of 250 units of penicillin 
and 2,500 units of streptomycin permitted isolation of mumps vims fiom 
human saliva and monkey parotid (30). 

An evaluation of the effects of several antibacteiial agents may be made 
fiom attempts to isolate a number of neurotiopic and pncumotropic viruses 
cultured in Rivcrs-Li medium with Tyrode solution or in the chick embryo. 
No effects wcie observed on St. Louis and Eastern equine encephalitis 
vimses with the maximum concentiations of penicillin used, 10 units/ml. 
Meningopncumonitis vims and psittacosis 0 BC growth weie, liowever, 
depresssed considerably by high concentrations of pomcdlm, 200 units/ml 
(39) 

The St Louis and Western encephalitis viruses, as well as tlic Lansing 
poliomyelitis vims, were not afTected by pieinjectiou admixtuie with sera 
preserved with 1:10,000 zcphiran, 1:10,000 mcrthiolate or mercuric cyan- 
ide, 1:50,000 phenyl mercuric boiatc, or 1:500 sodium sulfathiazole (19). 

Sulfathiazolc or sulfadiazme used as 0.1 per cent of the feed of mice given 
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llic work of Krueger and a&boeiatci$ (27, 28) dealt m'th \’arious detergents 
as antibacterial agents in contaminated allantoic flukls, sali\'a, and mouse 
lungs ulucli carried in/Iueiiza A or B viruses. Concentrations of zephiran 
twenty times as gieat as that rceiuired to eliminate the bacteria wthin 20 
minutes at room temperafua' were nithont harmful c/Tcct on the viru^ 
strains used. Ter^jitol pcuetmnt, Xo. 7, 1:2,000 in 5 per cent infected 
mouse lung reduced the activity of the influenza vim.'^s as indicated by in- 
creased sundval time of the infected mice from 4 to G days to 10 or more. 
Oakite, Xo. C3, 1 : 100 had some inactivating clTcct on the type B virus but 
not on the .\, t j'lic Ivoiy soap 1 : 100 rendered the 5 per cent suspension of 
B virus partly inactii'e and the A virus completely so in 40 miautcp. Other 
workers (13) reported that tliroat washings treated with zephiran as de- 
scribed (27, 28) sliowed subsecjuent ovcigroi\th of bacteria; hence, the 
possible offect of zepliirin on an}' influenza vims which may have been pres- 
ent could not be evaluated. 

Subsequent attempts by Ifirst (20) to free throat washings of contaminat- 
mg bactona by use of various concentrations of gramicidin and sapamme 
failed, smee concentrations that injured the bacteria also injured the \ims. 

Sulfadiazine m doscs up to 40 mg failed to alter tiie influenza A virus in- 
fcotivity end-points or the hemagglutinin titerg of the chicken allantoic 
fluids (47). Ko.-e ct al (-14) were unable to evaluate the possible offect of 
sulfadiazmc on virus in mfluenza-suspceteil sputums, since proliminarj' 
ovporimcnls mdicatoil that even in high concentrations the drug was in- 
adequate as a bacteriostatic agent Burnet and Stone likewise w ere unable 
to iL-'certain any anti-infiuenza virus effect because sodium sulfadiazine 
failed to control bacterial contamination. 

Observable injurious effects of sodium i>cnicillin on influenza viruses A 
and B in various menstrua w ore not seen in isolation or infectivity trials on 
tissue cultures, embrj'onating eggs, and mice (o, 21, 32, 44). Tlie range of 
penicillin concentrations was from JOO (5) to J,000 (44) 0.\'ford units per 
milliliter 

Streptomyem did not inhibit the growth of PBS, Olsen and Lee, strains of 
influenza virus injected into the alJautoic chamber of 11- to 13-day em* 
brj'onatmg chicken eggs Massive quantities, 12,000 units, were given 
over a 24-liour jjcnod (10). .Vs much streptomj-cin as 2,300 units ml, or 
5,200 units per egg. had no adverse effects on a strain of influenza A virus 

(31)- 

Wflicii influeuza-infeited dom? and throat uaslungs and mou.«-e lungs wen* 
treated with a combination of 1,000 unils/ml of streptomycin and oOO 
units/nil of peiiicillm there was no apparent inhibition of growlli of tyjx's 
A and B influenza vims (32) 

Xcwcastle disease virus, which has some properties in common with m- 
tlwewia (4) kas not been found to be injured or altered by roerthiolate, 
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yolk sac or 0.5 per cent via the diet, on G BC psittacosis infection in embryo- 
nating eggs or in mice, respectively. 

Rickettsiae 

Efforts to isolate rickettsiae or to treat infections with these agents have 
yielded data on the susceptibility of these microbes to certain antibiotic and 
other substances. The active growth phase of typhus rickettsiae in the 
yolk sac of embiy'onating eggs was inhibited by introduction of penicillin 
(18). 

Streptomycin, 0.5 to 2.0 mg per egg, or para-aminobenzoic acid, 5 5 and 
11 mg, was injected into the yolk sac of 7-day eggs 2 hours prior to infection 
with R. )?jooscrt, Wilmington strain, R. proicazcki, Brcinl strain, or R. 
oricntalis, Karp strain. PABA dcGnitoly inhibited growth of all the rickett- 
siae, R. proicazeki being the most sensitive. This strain was most sus- 
ceptible, also, to streptomycin, (he other two species not being affected 
significantly by 2 mg or loss, wliich slowed the growth of R. prowazeki (35). 
Q fever infection (Ji. hurncU) in mice was retarded by 0.5-mg doses of 
streptomycin, but even 10-mg doses were not rickettsiocidal (24). 

P/curopncunionia-h'fcc orgamsins 

Recovery of pleuropneumoDia-likc organisms from pathological speci- 
mens with the aid of penicillin (10), as well as the isolation of such pleo- 
morpliic forms from cultures of H. influenzae (9), warrants mention here 
because of the small size and the metabolic requirements of these bacteria 
and also because of possible selective mechanisms involved. 

Protozoa 

Certainprotozoahave been found lesssusceptible than various bacteria to 
certain antibacterial substances, and, hence, the possible use of agents of 
the latter class for isolation purposes has been investigated. Exposure of 
specimens containing Tr. vaginahs to 5,000 to 10,000 units penicillin per 
10 ml medium for 60 hours was adequate to destroy contaminating bacteria 
and ensure isolation of the piotozoa. The addition of tyrothriciu produced 
a lethal effect on the trichomonads (25) Concentrations of clavacin, 
giamicidin, and actiiiomycin sufficient to suppiess various common bacteria 
w ere too toxic to Tr. foetus to permit their utilization for freeing Tr. foetus 
cultures of such oiganisms (53). Penicillin, 100 units/ml, was not toxic to 
Tr foetus Streptomycin in equal concentrations also was tolerated well by 
the trichomonads and largely eliminated the penicillin-resistant bacteria. 
Similar re&ults wcie obtained with Tr. vaginahs cultures by 10 hours’ ex- 
poburo to 10 units penicillin and 25 units/ml of streptom 5 'cin (40). In 
attempts to free deliberately contaminated Tr. foetus cultures, tlie protozoa 
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100 LD50 intranasal doses of meningopncuraonitis or mouse pneumonitis 
\’iruses did not alter the induced disease (42). 

Vaccinia virvis strains, BII and CVII, groan on Hivere-Li medium and 
on the serosa of i4-day cmbiy®nnting eggs, shooed no re£pon^e (o 10 
vinits/ml and oOO units of penicillin, respectively, the mavimum concenfra' 
tion employed (39). In the preparation of vaccine \’accinia vinia 

appeared more sensitive to inactivation by penicillin than by glycerin. 
The quantities of penicillin used, 100 iinita/ml, killed the virus in 3 days at 
room and ice-box temperatures. Good results ^rerc reported from local 
and intramuscular application of penicillin (with ointment containing 500 
units/gm and 1,000 units every 3 hours for 3 da 3 -s, respectJ\'el>') only 
\\hon treatment was initiateil vco' early' in the course of experimental vac- 
cinia infection in rabbits (17). 

Fowl pox virus infection of the chorio-allantoic membrane of ll-day' 
embryonating eggs was not modified by instillation of 500unit.<5 of penicillin 
on the membrane during a 5-day period (-13). Tlie effect of 0.1 mg of 
palulm on fow 1 pox infection could not be ei-aluatcd because of injury to the 
tissues or lethal effect on the embiyo. 

Herpes virus was isolated in U-day eggs from a sample of sputum treated 
with 500 to 1,000 units/ ml of penicillin (19). 

Psittacosis (strains 1} and P) infection in mice was not influenced by sulfa- 
pj'ridinc (200 mg during a 72-hour penod) or by administration of this 
drug, prontosil, proseptamine, or sulfatulamide (110 mg in 30 hours) (40). 
In contrast, growth and infection by the 0 BC strain of psittacosis % irus (II) 
was greatly' inhibited, althougii the virus tvas not killed by' 50 mg per cent 
concentrations of sodium sulfadiarinc in roller tube tissue cultures (11) 
and 2.5 to 10 mg injected into the y'olk sac. Sulfadiazine blood levels of 
8 to 10 mg percent obtained by feeding also protected again'^t fatal infection 
from moderate e.\po.-ure to C BC’ strain (12). 

Psittaco.si.*^ viru.s, 0 B(^ wan aho inhibited from glowing in roller lul>e 
cultures b.v 5 units/ml, as indicated b.v a rise in virus titer after penicillin 
treatment of the culture wa.s withheld (11). Penicillin m doses of 8,000 
units a day subcutaneoasly for 14 consecutive days or as 1,000 units/ml 
of drinking w-ater reduced the rate of infection and mortality from the 6 BC 
strain in mice (12). Pcnicilhn combined with sulfadiazine therapy pro- 
duced effects no different from those with either alone (12). 

Streptomycin in concentration.s of 5 units/ml of tissue culture fluid or in 
250-umt doses inject ed into eggs had no appreciable effect on the 6 BC virus 
(11). Administration of 2,000 units a day for 14 days by the subcutaneous 
route likewise did not change the course, mortality, or carrier rate in mice 
infected with this strain (12) The work of Early and Morgan (11, 12) 
faded to show any effect of para-aminobenzoic acid, 4-rag doses into the 
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latcd into the amnionic sac. Tliis method w'as, however, unsuccessful 
^\hen yolk-sac inoculation was attempted. Ucisolation of virus from nasal 
washings of infected ferrets was possible also bj' use of tlicse two bacterio- 
static agents (5). 

Addition of 2,500 units of stieptomyciii to mixtures of allantoic fluid 
infected with influenza A and nomial throat washings resulted in survival 
of four of six ll-day-old embryos inoculated into the allantoic chamber. 
SLx embryos injected with untreated washings died (31). 

Wien nose and throat washings from the 1945 influenza B epidemic were 
treated with penicillin, 500 units/ml, and injected into embryonating eggs, 
two-thirds of the cmbrj’os died, \\licn 1,000 units of streptomycin and 
500 units of penicillin per milliliter were employed, the embryo mortality 
was reduced to less than 10 per cent. The combined antibiotics rendered 
bacterial contamination infrequent and when used in mouse lung suspen- 
sions were effective in reducing bacterial pneumonias during rapid serial 
passage of influenza virus in mice. Ps. aeruginosa in mouse lung suspension 
was resistant to streptomycin (32). 

Salita and spulum 

After preliminary trials with sulfadiazine in high concentrations indi- 
cated the inadequacy of the dnig as a bacteriostatic agent for sputums, Rose 
elal. (44) added penicillin at the rate of 500 to 1,000 unit s/ml. ^Utcr inocu- 
lations of fifty-five sputum samples, with and without penicillin, into tissue 
cultures and into the amnionic chamber of 11-day embiyonating eggs, 
90 3 per cent of the tissue cultures receiving the untreated and 41.8 per cent 
inoculated with treated sputums showed lieavy early bacterial contamina- 
tion. Forty-nine embrj'os, or 89.1 per cent, leceiving the untreated mate- 
rial died, 47 within 24 houi-s; wliercas 85.5 per cent of those receiving the 
penicillin-treated matenal sur\'ivcd for at least 5 days and all were sterile. 
Most of the bacteua recovered from injected eggs ^Ye^c gram-negative and 
consisted chiefly of Proteus, Pseudomonas, and penicillin-resistant staphy- 
lococci. To control penicillm-insensitive oiganisms, Rose ct al. (45) later 
employed streptomycin alone, 500 units/ml, or in combination with peni- 
cillin, 500 units/ml. Of 120 control embiyos, 7 per cent survived, as com- 
pared to 39 per cent of those leccivmg pencUlin, 50 per cent of those leceiv- 
ing streptomycin, and 04 per cent of those injected with sputum treated 
with both agents. Tlie selective effect of pcnicillm and streptomycin for 
giam-positive and gram-negative organisms, icspectively, was well demon- 
strated by study of the smviving flora, and it was obsened that the two 
antibiotics may act syueigistieiilly. 

Penicillin, 250 uuits/ml, and stieptomyciii, 2,500 units/ml, added to 
.siliva collected during the acute inflammatory stages of mumps, permitted 
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wrc not afTcctod hy 1 ,000 units Mwptom^’cjn or 10,000 unil‘5 penicillin, but 
SO.OOO-nnit quantifies of iM‘nicillin per milHIifer uere Icllial (.34). 

IvFFKCT ov ('o.NT.mrvixr oti laoK-v 

WitJi summation of llic information available on the tolerance of the ho't 
oigaiii.'m or tisaiie, as veil as the pura'.itc liio rceovcn’ or isolation of uluth 
is sought, evaluation of the possible uses and c/fieacy of tlio antiinological 
substances may be lx;tter aecomplL-iieil. Jt is to Ixi aiitielpatetl that the 
elfect-s of certain of ihe.'K; substances on a given organi'm or groui)-. of or- 
gaaismb in known menstrua and environments may not be comparable to 
those which may he obt.ained with imknoun flora tinder diverse and uncon- 
trolled conditions. The nonnal flora of the sev'cral btxJy .systems or tracts 
is subjeel to coubiderable variation in health and to much greater diangcs 
under the impact of disease. Ilcncc, the limitation!) of one or several anti- 
bacterial agents apparently can seldom be closely defined. 

It is believed that scrutiny of the literature from the standpoint of effect 
of antibacterial agents employed for isolation of certain viruses or organisms 
may be bcist approached by considering, first, the mafenals from nhich re- 
coveo' or isolation is sought and, second, the effect of the antibacfcnaj sub* 
felaiiccs on known specific Ijacteria that mo 3 ’ be common contaminants in 
nature. Certain data that tend to establish definite limitations of re* 
feistance or .susceptibility among bacteria are also pointed out. 


Noic and throat v;ashtngs 

Allantoic fluid-normal throat washing mixtures to which zephiran 
1 :20,(XX) was added woic free of viable baefena after standing at room tem- 
perature for 20 minutes (27). Attempt.*- to demonstrate influenza virus in 
throat washing- by ifu- method gave overgrowth of bacterial contaminant-. 
Although the vini- was isolated in one instance of zephiran-trcated v\ash- 
ings, it wa.s ]mpo-.-if))e to obtain a bactena-free culture even after four 
allantoic pa-s-age- of rcphirun'iteaU'tl fluids 7'ho contaminating sfrepto- 
foccus wa.s hmilh remo\c<l by filtration (13) 

Treatment of throat wa-hmgs from influenza A patients witli 12.'> units 
penicillin per milliliter pnor to amnionic motulation into embrv-onating egg- 
proved more effective than did collodion-membrane filtration in overcoming 
bacterial contamination 'Die former was. Iikcwi-e more effective than 
inoculation of ferrets with iinfiliered «a-lmigs In allantoic-sac inocula- 
tion use of lelativ’cly highei concentration- of penicillin than for ammonic- 
sac inoculation wa- advi-ed (21 1 

Comiunatioii of penieilhn, 100 units, ml, and sodium .-ul/adiaziae, 0 I ml 
f a 5 per cent solution, for isolation of influenza virus was successful m 
*^vercoming b.acterial contamination of unfdtered throat washings inocu- 
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treated with penicillin, the pichcnee of pleiiropncumonia-like organisms 
could be readily demonstrated (10). 

Fecal malcnal 

Penicillin alone was found sufficiently antibacterial in action to permit 
isolation in embrj'onating eggs of Newcastle disease and fowl plague vimses 
fiom the intestinal content of chickens (3, 38). The bactena of 10 per cent 
stool suspensions of epidemic diarrhea patients, when treated with 25 to 
200 units of penicillin per 0,05 ml and inoculated after 30 to 90 minutes into 
the amnionic sac of 13- to 14-duy embryonatmg cliicken eggs, were not 
inhibited to the e.\tent of preventing death of the embryos, llicse concen- 
trations of penicillin, however, when supplemented with 5,000 /ig per 0 05 
ml, permitted sufficient bactcnul suppression for survival of 50 per cent of 
the stool-inoculatcd embryos (23). 

Marked antibacterial effects of sticptomycin weie exhibited as a lesult 
of treating 1 ;50 suspensions of stools with 2,500 units/ml, leaving them at 
room temperature for 1 hour, and centrifuging them. Additional strepto- 
mycin w’as then admixed to a total of about 2,500 units per 0.1 ml of inocu- 
lum for each egg (31). 

Organs ami tissue susjycnsions 

The antibacterial activity of streptomycm and penicillin in mouse lung 
suspensions has been cited (32). I>ung suspensions and pooled brain, liver, 
and spleen suspensions of chickens collected <Iuring outbreaks of Newcastle 
disease W’eie centrifuged and tieatcd w-ith 25 mg of streptomycin per milli- 
liter (50). After standing at loom tcmpciature for one-half hour, 13-day 
emhryonating eggs were injected with 0.3 ml intra-allantoicully Only 
three stieptomycin-tolcrant oiganisms wcie recovered from 258 sample 
tests, of which forty-five yielded isolates of Newcastle virus 

Penicillin, 100 units/ml, added to vaccine lymph, was distinctly inferior 
to the conventional 50 per cent glycerin employed for eliminating staphy- 
ococci and other bacteria 


Contamttialetl serum 

Addition of 1 :5,000 or 1 : 10,000 merthiolulc sensed to prevent giowth oi 
eliminated bacteria from serum used in serum-vini-s neutralization test.'^ 
(3, 19, 33, 38) Zepliiian or mcicunc cyanide, 1 : 10,000, and phenyl mer- 
curic borate, 1:50,000, weie likewise effective for this purpose, but sodium 
sulfathiazolc 1 : 500 rendered the treated sera toxic to the te.st mice (19) 

Etnbrj/omc fluids and tissues 

.Vlthough virus-infected allantoic and ammonic fluids, e.xtra-cmbiyonic 
membranes, and the avian embryo itself, in pyrt or entirely, hale bt“cn use<l 
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elimiaation of bacterial contamination and isolation of the virus in 8-day 
embr 3 'onating eggs (30). 

Uespiratonj tract secretions and exudates 
Kespirafory tract secretions and exudates, as well as mtcstinal coateat 
and feces, from chickens afTccled with Xeucasfic disease (3) or foul plague 
(38), \\crc treated with penicillin, 1,000 units/ml, prior to egg inoculation. 
Seldom was tJic growth of all bacteria supprcs.^ed, but bacteria-free virus 
could bo recovered frequently after inoculation u ith high dilutions of mate- 
rial which yielded less than \,000 bacterial colonics per milliliter on ])lating. 
Re.^piratory tiact e.Midates and lungs from chickens suspected to be suffer- 
ing from Newcastle disease were found to contain a varied flora of bacteria 
including, Esdicnchia, Sabnonella, Pasleurclla, Proteus, and Pseudomonas 
(1). Cultures for bacteria were negative following treatment with peni- 
cillin and streptomycin, 1,000 units of each per milliliter, and storage at 
37‘’C for 7 hours and at room temperature for 9 additional hours. Similar 
gupprcssion of bacteria was obtained with iJie tyrothricm-sodiumsulfa- 
diazine-sticptomycin mixture of Eddie. Ticntment of poulto’ house air 
washings with 10,000 units i)enicillm and 24,000 units streptomycin and 
subsequent incubation at for 4 hours resulted in freeing the material of 
viable bacteria (8). 

GenitO'Unnari/ tract secretions and tissues 
Treatment of vaginal secretions with 5,000 to 10,000 units of penicillin 
per milliliter destroyed the bacteria present and allowed cultivation of Tr. 
vaginalis (25) Combinations of penicinin with sulfathiazole or the addi- 
tion of tyrothnein pi ovided no advantage over penicillin alone. 

Various bacteria from vaginal mucus, such as streptococci, Escherichia, 
Acrohacler, Proteus, staphylococci, and Pseudomonas, weie found lethal to 
Tr foetus m 24 to 18 hours in absence of several antibiotics. CIa\'acin, 
gramicidin, and actinomycin m sufficient concentration to control thc^e 
bactena weie toxic to the (iichomonads, but penicillin and sticptomycm m 
concentrations innocuou.s to these protozoa destroyed all of the bactena 
c.xcept S aureus amtiPs aeruginosa It was reported that 1,000 units/ml 
of the antibiotics was necessaiy against Ps aeruginosa (53). Contaminat- 
ing S. aureus and Corynehactenum were eliminated by lOO and 125 units/ml 
of penicillin, whereas an atypical C. rcnalcs required 200 to 300 units. A 
S boms strain resisted 50,000 units/ml penicillin. Furthermore, 1,000 
vmvts of streptomycin failed to elinunate contaminating E. coh and B- 
subtilis (34). 

Cultures of Tr. foetus also freed of bactena after 10 hours exposure 
to 10 units penicillin and 25 units streptomj'cin per milliliter (40). 

^Vhen cultures of bacteria from diseased genito-unnaiy specimens were 
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lantoic Iluul 48 hours after allantoic chamber injection of 2,500 units per 
milliliter showed persistence of bactericidal concentrations. Only small 
amounts, however, appeared in the amnionic fluid (31). 

The possibility that the tolerance to or response of the host organism, for 
example, the embryonating egg, to antibacterial agents may be influenced 
by factors such as route of injection may not be disregarded. Treatment 
of throat washings of influenza A patients with penicillin did not alter the 
mlatively greater sensitivity to virus infection by the amnionic over the 
allantoic chamber route (21). 

Utilization of antibacterial agents for isolation of vimscs and rickettsiae 
has revealed significant differences between these groups of parasites, as 
uell as among strains of each, in their susceptibility to inhibition or injuiy. 
The response of the latter may also be governed by occurrence or nonoccur- 
rcnce of active growth or multiplication. Much of the work already cited 
indicates that the nckettsiae aie moic subject than arc the viruses to the 
inhibitory effects of various antibacterial substances. Although Morgan 
cl al. (35) determined that minute (pianlitics of streptomycin would pennit 
growth of certain rickettsiae in egg yolk sacs, they cautioned against the use 
of atreptomycin. in. attempts to isolate the organisms of murine and cpi* 
domic typhus from material contaminated uith bacteria. No evidence 
has been encountered which suggests that similar low concentrations, 2 mg, 
of this antibiotic will inhibit growth of the classical viruses Viruses such 
as psittacosis (39), meningopneumonitis (30), and vaccinia (17) may, liow- 
ever, be injured by relatively high concentrations of penicillin uhich am 
without effect on other and smaller viruses. Studies with the 0 BC strain 
of psittacosis virus in eggs and tissue cultuies (11) and in mice (12) indi- 
cated its refractivity to streptomycin and to paia-aminobenzoic acid and 
its sensitivity to 5 units/ml of penicillin or 50 mg per cent of sodium sulfa- 
diazine. DifTeiences inaesponse of this vims to sulfadiazine in static and 
actively growing cultuies of tissue emphasized that this drug, m the con- 
centrations used, affects the vims only m the active growtli phase. 

Ml early example of dilTerences between types of a vims was seen in the 
greater susceptibility of type B influenza than of type A to inactivation by 
certain detergents (Oakitc, No. 63, and Ivory soap) (27). 

Tile foiegoing summary of literatuie dealing with the use of various 
agents and compounds for the recoverj' and isolation of certain vinises and 
other organisms from admixtures with vanous bacteria indicates generally 
a superiority of certain antibiotics, especially streptomycin and penicillin, 
over various sulfa and other compounds. Sticptomyciu appears to have a 
relatively \\ide range of usage and effectiveness, Mhich often may be aug- 
mented by combination nith pcnicillm. Certain demonstrated inadeijua- 
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in studies involving antibacterial agents, little has been reported on the 
effect of these substances on baclerially contaminated egg tissuts. Acci- 
dentally contaminated influenza-infect^ allantoic fluids acre freed of the 
contaminating bacteria by contact uitli 1:10,000 zepliiran at room tem- 
perature for 20 minutes (28). 

Tlie results of -Morgan anil AViseinan (30) indicated that 2o mg per cent 
bodium sulfadiazine and 125 unils/ml of streptomycin can be added to 10 
per cent yolk sac seed culture* of strain 0 liC psit tacosis virus as a safeguard 
against possible contamination. Prcliminaiy' experiments of thcK! investi- 
gators indicated the value of the bacteriostatic agents in dilution fluids (50 
mg per cent .sulfadiazine and 2.>0 units/ml .•.treptomycin) in the isolation of 
psittaco.sia virus by intraceiebral injeetton in mice from such contaminated 
sources as nniie, feces, and soil. 

OrilEIl CO-ValDElLlTIOXS 

-Vdditional factors that may bear on (he results of efforts to recover and 
i.solate viral or other agents from environments harboring a variety of mi- 
crobial flora Iiavc been given attention. 

The effect of a certain concentration of (be antibacterial substance or 
substances in any given material Is obviously dependent on time, tempera- 
ture, and other factors Inleifcrcncc «ith or protection against antibiotics 
by physical factors or mechanisms ha* abo Ixfcn recognized. The useful- 
ness of an antibiotic palpably may be curtailed or limited Ix^cause of rapid 
detenoratioQ in or removal from the menstruum or host tissue. 

Dclemunaljons of penicillin lei'cl* at mfen'als following injection into 
the yolk sac emphasized the fact that iienicilim is destroj-ed rither rapidli' 
from tile fluid.s, there was approximately 0.3 units/ml 5 days after incuba- 
tion as compared with 10 units/inl at initiation of the experiment (39). 
Introduction upon the serosa abo resulted m a relatively rapid loss compa- 
rable to that which occurs in the lJs^ue* of x’anous animals. Only 20 O.vford 
units of penicillin per nnihliter nere demon>trabIe in the cmbr}'onic fluids 
of chicken eggs at the 5th day after the beginning of five daily injection* of 
100 units per egg (43) 

The deterioration of penicillin in ti-ssuo cultures was Iikemsc demon- 
strated over a penod of incubation. After an initial concentration of 10 
units/mli only 3.0 to 5 2 unit.* were dcmonstiable m infected culture* 5 day' 
later. .-Mter 17 days incubation in noninfected cultures, 0 2 unit per milli- 
liter lemained (39). 

Kclatively high stability or peisi'lenee of streptomycin following injec- 
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Xo bcrious instances of toxicitj' were observed after paieuteral or topical 
administration. Dainasc to the eiglith cranial ner\'D wiia manifested in an 
8-year-old Spitz-terrier cioj-s being ticated for c^'stitis. 'I'liis animal liad 
been treated unsuccessfullj’ with several other antibiotics previously. 
Tlie patient was then administered 10 mg of streptomj'cin per pound of bodj’ 
weight at 6-hour intervals for 14 days. On the I5th day, examination re- 
vealed the presence of vertigo, which could only he attributed to the drvtg. 
Bj' the oth day following cessation of the treatment, no symptoms were 
present. 

In those cases in both cats and dogs where external otitis and conjuncti- 
vitis are caused bj’ a predominance of gram-rregative organisms, topical 
appheation solutions containing 25 to 50 mg of streptomycin per milliliter 
have been effective. To effect a satrsfactorj' response solutions containing 
100 mg/ml were ncccssarj* in cases where c.\cossive exudate was present. 
Applications were made twice daily and continued until healing occurred. 

Streptomycin is a verj’ potent intestinal antibacteiinl agent because its 
absorption from the tract is vco' slow, if it takes place at all (2). Adminis- 
tered orally, it is useful in the treatment of tliosc diarrheas in which an 
antibiotic is indicated. Diarrheas produced by the Proteus group of organ- 
isms usually responded satisfactorily, and many times symptoms ceased 
after the first oral administration. The dosage employed in such cases was 
1 gm a day or in divided doses two or three times daily. The treatment 
was continued for 2 or 3 days, after which (he stool usually appeared nor- 
mal. In cases of acute diarrhea with much vomiting, the dnrg is not re- 
tained long enougli to be of therapeutic value. A few of these cases wore 
treated, with some success, with intrapcritoneul and rectal injections. 

Craige (3) reported on the use of streptomycin in the treatment of 139 
dogs with dysentery. The mode of administration was found to be im- 
portant in obtaining maximum results. In preparing the drug for oral 
administration, 1 gm was dissolved in 20 ml of stenle distilled water. The 
size of the dog and the seventy of the symptoms directed the dosage em- 
ployed. A dose of 1 to 10 ml (60 to 500 mg) w’as administered perorally. 
The results were much more satisfactory in the dysentenes associated Avith 
the Proteus group than in those of other etiology (table 82). 

In dysenteries caused by coccidia, giardia, spirochetes, or in undiagnosed 
cases, Craige found streptomycin was not effective. Dysentery caused by 
spirochetal organisms usually responds more satisfactorily to a combina- 
tion of sulfathalidine, penicillin, and streptomycin. The true role of strep- 
tomycin, in combination with other drugs, is difficult to evaluate. 

Oral administration of streptomycin lias been found to be very effective in 
controlling diarrheas in dogs infected with secondary invaders following the 
virus of Carr6. For treatment of such cases, a single one-third gm dose 
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.S'l'liEITO.'\IYCrN IN S.MAIJ. AM.MAE .AIEDICINE 


A munl)i*i of (-oniJitioiK in aniin:il> may lx* pnxJumI by 

oigaiiiMiis that ha\c l>t‘cn i{on)o>i->lr:ifc<i lo l>e Mi'trptiblo to f-lmptonUTin. 
Thi‘ moit' cfimmon of thcN* comlilioii^ an* fMc-mal otitis, coujunctiiiti-, 
piitc‘rilii>, pneumonia, Mippunitum of tlio anal glands, nephritis, cy.-tilis, 
vivgijvitis, and t\jlarenna. At prt'M'iit tlic limited u.so of strcptontycin for 
Mieh conditions in dogs and oats will not (>cnnit an accurate evaluation of 
its effioicncy 

( 'fa.v/CAi. 'I'ntaTMKN t.s 

In the alr<‘i\ce of extouMW information on the parenteral adimuustralion 
t»f hticptoniycin in dogs, the do-sigc usal in the treatment of clinical 
at 'f'lu* Ohio .Stale L'nivcr'ity Vclennaiy C'linic ua.s luL'Od on e^tInlatIons 
of the concentration in the bloo<l htuiii and urine as detcnnincd by Smith 
(1) It was found that a do.'o of 5 mg jx'f pound of body neight re-ults in 
a blood serum c<)nceuf Jaf ion <»f appro\imat<‘ly 23 uniUs ml at the end of the 
firht liour. This fall" to appioxiinafely (» unit.s 'ml at the cml of 4 hours. A 
do"e of 10 mg jut p<iund of ImmIv ntuglit a‘'-ull.s in a concentration of ap- 
proximalely oS units ml at the end of the hrsl hour Tliis falls to approxi- 
mately U units Jit the end of G hours With the 10-mg<hw the internal may 
be incicase<l to (> hours, niien necess^ity (for example during the night) 
and fclill maintain a temiiual blood level no lower than that which results 
with the smaller dose at I-hoiir intervals 

Smitii further obser\'e(l that at 9 hours after a single infianiuscular in- 
jection of 5 mg per pound of body weight, fheunnei'onceiilnition wasabo\e 
100 uints/ml The unne coiueiitratjoiis were found to be niucii moie 
\aiiablc than those of the blood scrum 

Each cate was fieatetl as an individual problem SciiMtivity tests weie 
conducted wJiene\cr practical to direct the manner of dosing Mliere blood 
levels woie of major impoilaiiee, stieplomvwn was used in amounts of not 
less than 5 mg per jiouml of bodi* weiglit at 4-hour mfciTaI.< I^^len the 
severity of the condition demanded a greater concentration, dojsage of 10 
mg per pound of body eight was used. 
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Streptomycin, penicillin, or combined streptomycin-penicillin treatment 
of dog patients with nervous symptoms following the virus of Carr6 has not 
been successful, in the experience of the authors. Tabic 84 illustrates the 
usual results in attempting to treat such dogs. The fever is maintained, 


TABLE 83 


fieaponse of dogs with secondary infcciions following canine dislcinper virus lo 
trcalmcnt with slreptomycin orally anti penicillin (300,000 units once 
daily, parcnlcrally for 3 consecutive days) 
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the nervous symptoms become progressively worse, the cough, if present, 
and the nasal discharge continue throu^out the course of the disease. On 
the other hand, Kellberg (5) is of the opiiuon that streptomycin may prove 
to be helpful in t!ic treatment of such patients. The number of such cases 
treated vnth. streptomycin have been too few to justify conclusions. 
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tlaily for at If.iat 3 days was ailnimittcnal to o- to S-potind puppies. For 
iJogs weighing 20 to 35 pounds, u single I-gn» do>o daily was administered 
for at least 3 days. If the dhnrhcii was not eontrolle<l by the third day of 
Irealinent, the patient usually did not respond to further treatment. 

Parenteral adinini.slrjition has bcrii cniploywl in the treatment of 
secun(lar 3 ' gnun>iu*gativo Iwcillaiy' infcction.s complicating canine dis- 
tcin])fr. Tim dosage of streploinycin recommended Is 0.25 gm daily in 
ilivided do'cs of 30 to 10 mg ^■ulK.■lltancou^Iy for a 20- to 30-pound dog (-1). 

Pneumonias in <logs following the vini!> of Carrd caused hy secondao' 
'invasion of }). hrunchhcplicm mu] other organisms appear to be l>ost treated 
with a combination of penicillin ami streptomycin. Twenty such cases 
have been treaterl, witli SO per cent recover'. The treatment eonsisterlof 
the daily intramuscular injection of 2(X1,000 unit.s of {)cnicjlljn sodium crys- 
talline G and 500,000 unit.s of stn'ptornyein for 3 ord days. If the patients 
did not show marked nnpioveinent after the Ihini and fourth day they 
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rarely responded to further (leatmciil. These eases were not complicated 
witli seveie diairhea ami ncr\'OUs .symptoms. In the treatment of fifty 
isiieli ea.sc.s with penicillin alone (200,000 units daily in a single intramuscu- 
lar dose for 3 days) 70 per cent recovered. 

In easc.s whcie secoiidaiy invasion following the virus of Carre invoIve.s 
both the digestive tiacl and (he piilmonar}* system, the most siicressful 
tieatment appears to bo a daily oral dose of one-third to 1 gm of strepto- 
mycin together with a d.aily intramuscular injection of 200,000 units of 
penicillin This treatment it> continued for 3 to d days Table 83 Jliu.«- 
tiatcs the usual response in cases that recover The fever decline is 
rapid, and the diarrhea ceases within 3 to 4 days. If such a lesponscis not 
effected within 3 or d days, further treatment with penicillin and strepto- 
mycin is without result. 
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of 100 units of streptomycin per milliliter, a therapeutically beneficial concen- 
tration, ^^ill be maintained following such a dosage. Cystitis cases caused 
by gram-negative organisms (coH group) usually show marked improvement 
after treatment for 3 to 7 days. ICellbeig (5) lias reported similar obscn’a- 
tions on several cystitis cases. One case of acute nephritis in the dog was 
successfully treated with streptomycin (6). 

In cases of cj-stitis wlicre the underljing etiology is a malignant neoplasm, 
permanent recovery after treatment with streptomycin does not result. 
Streptomycin in these cases does, however, improve the inflammatory con- 
dition resulting from secondary invasion of organisms. Treatment must 
be repeated at varying inten’als until the neoplasm is removed surgically. 

One patient with a possible P. lularcnsis infection was treated with strep- 
tomycin. The patient had an agglutination titer for P. iularaisis in the 
dilution of complete at 1:80. Prior to treatment with streptomycin, all 
other antibiotics had failed to produce a response. /Vfter treatment with a 
daily intramuscular injection of 1 gm of streptomycin for 4 consecutive 
days, the patient responded rapidly and recovered completely. 

One case of “mouth rot” in snakes was treated. Previous to treatment, 
a species of Pseudomonas w as isolated and tested for sensitivity. The snake 
uas given 10 mg per pound of body weight at 6-hour inteiA'als for 7 days. 
Recovery was complete. So far as we know, this disease is otherwise fatal. 

COMME.MT 

From the authoi-s’ experience witli sti^ptomycin in the treatment of 
clinical cases in small animals, the ding is most useful in treating infections 
caused by gram-negative organisms. It may also be of value in treating 
certain infections caused by penicillin-resistant, streptomycin-sensitive, 
gram-positive organisms. More research will be necessary to confirm this 
obsenntion. As is true of all antibacterial agents, streptomycin should be 
considered not as a substitute for suigery or other established therapeutic 
methods but only as an adjunct to treatment in those cases where the drug 
is indicated. 

The optimum dosages appear to vary with the streptomycin-sensitivity 
of the pathogen and with the type, stage, severity, and location of the infec- 
tion. The wide vanation in susceptibility to streptomycin among different 
bacterial species has been well shown by Coles (7). The variation in sus- 
ceptibility among different strains of the same bacterial species is also im- 
portant For example, Coles found among the strains of S. aureus studied, 
that tho-iC isolated from dogs showed more susceptibility to the action of 
streptomycin than did the staphylococci isolated from other sources. 

In the author’s experience, intramuscular administration of streptomycin 
in the treatment of systemic infections is tl^ method of choice. Subcu- 
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Kellbcrg (5) reported fconic succc 2 >s I'n the trenlnicut of feline tlbtcnipcr 
with dnily ndminiitration, Mibciifam‘oii‘'Iy, of SO to 120 mg »freptomyoin 
in divided dojo3 of 10 to 15 mg. 
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Uro'^enital infections caused by gram-negative organisms (coli group} 
dof^s usually respond well to treatment with streptomycin. E.\cellent 
remits have been obtained in the treatment of siN cases of cystitis by cm- 
rvlAvine 5 rug per pound of body weight and injecting the drug intramuscu- 

1 1' very 8 hours. South’s (1} results indicate that a urine concentration 
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KcUberg (5) rejiorlcd some success in the treatment of f 
with daily administration, subcutaneously, of SO to 120 f 
in divided doses of 10 to 15 ing. 
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sj)on(JiHl lo .^ulfaniutliazine omlly or to |)enicjllm .‘ulmmis(ea>tl both by 
infusion and by intnuimsciilnr injection. 'I’lio goat recovenxl following 
tlw infusUm of 1 gin of .sln*ptomycm iUvuIihI info five equal doaca. These 
reports, though liinitcxl in nuinl>er, jKimt to the usefn!ncs.s of stieptomycin 
in the ta’atnient of clinical nutstitia c^ui.sotl by infection wilh E. coli. 

In our investigations (5), a preliininaiy' n*port of which Jus been pub- 
lidicnl, inannnary glands infected with a variety of tjq;:uiisnis were treated. 
In addition to A\ roll thc'-c incliidisl afroi/rncn, .1. cloacncy Ps. aeniginosHy 
and .S', nurcus. 'I’he data sumniarizc'd in this chapter were collcetcsl in a 
single largo dairj’ lionl. 'I'he streptoniycm cnii>Io\e<I initially, consisted of 
stii'ploniyein ba^i* ni tliefomi of the lrihy«lroc}doridc, hut the major portion 
of the htirptomicin u-ed in our trials wa.s the calcium chloride complex.* 

MctIIODs 
Ihnl managanent 

The dairj' hen! in which the.'sc studies were made is owtioJ and operated 
by one of the California State Hospiial.s for mental patients. It is com- 
posed of both grade and pua'bml Ifobtein cowa which nreoiN'igned to milk- 
ing .strings consisting of nut more than 3t) anim.ds cacli. -Tho string to 
which a cow ib a-N-igncsI i» determined by the nature of the bacterial flora of 
her udder, and the cows and the .strings are milkisl in a fequence designed 
to n,»taid the spmad of maiimurj* gland infections, between milkings each 
string is kept m a sejiarate pa\o«l cornd h.i\ing an adjoining dicltcrslied 
which is kept thickly bcxldcd with clean straw* or wood diavings. -Vbout 
loO of the cows arc milkexi at 12-hotir iiilcix'als ami about sixty additional 
cow.s arc milked at S-hour iiiten-als. Tlie milking is done by machines 
operattxl by hired enijiloyecs. Selected inmates of the institution follow* 
the machine.', and hand-strip the cows. The teats arc then dipped in a 
.'.olution containing between 2^ and dOOp.p.m. of available chlorine. 

llisfory of (he mastitis projict 

A ma.^tltls control program was initiated in this herd in May 1943. At 
first, cniphasi* was placed on the control of chiom'e mastitis caused by 
5. agalachae, hence, the program was based on routine bactcriologic analy- 
sis of milk samples, segregation, and therapy By the fall of 1945 this 
pathogen had been almost entirely ellminatetl. The project was continued 
with major elTort direcied toward a reduction in incidence of moniniarj' 
gland infections causetl by S. aureus. Early in 194“, iiowevcr, it became 
apparent that mastitis caused h.v otgomsms of the colHorai group was oc- 
curring in a sporadic fa-duon. Soon thereafter, both acute and chronic 

» Streptomycin base was provided by Merck and Company, Inc., ILiImsy. 
Xew Jersey. 
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mastitis due to coliform organisms appealed at such an alunniug late that 
it became necessary to shift the major effoit of investigational uoric to a 
study of tlie coliform infections. 

liacteriologic procedures 

Composite milk samples were drarni at weekly inteiwals fiom cows in 
selected segments of the herd. In this manner the entire lactating herd was 
sampled for bactenologic study at least once every 3 months, whereas 
animals showing clinical mastitis or cows that had received specific treat- 
ment for mammaiy gland infections, were sampled at weekij' intervals as 
long as necessary to complete the data. 

The milk (15-18 ml) was collected directly into screw-cap vials containing 
1.0 ml of a 0.33 per cent aqueous bromcresol purple solution (Hotis test). 
Milk samples were incubated at 37®C for 1C to 20 hours. A loopful of each 
incubated milk sample was streaked on half of the surface of a veal infusion 
agar plate containing fresh cow' blood. Single colonics of bacteria were 
transferred for pure culture studies to beef extract broth containing a small 
quantity of bovine serum. 

Specific identification of the coliform organisms was made by the ‘TM- 
VIC” method of Parr (0) supplemented by observations on acid and gas 
production by the cultures in nutrient broth containing 1 .0 per cent ]acto*o, 
sucrose, or glycerol. 

COUFORM MaSTITI.S 

Infection statistics 

During the course of 1 year, and prior to the use of streptomycin in the 
herd, 270 cows .were observed. A cow' was regarded as having a coliform 
infection in her udder only when the specific organism was demonstrated in 
the same mammary quarter on two or more samplings a week or moie apart. 
Failure to repeat, after first isolation, occurred frequently with each of the 
coliform types identified. Infections, according to this criterion, were 
found in a total of ninety-six quarters and were distributed as follows: 
A. acrogerics, fifty-one quarters, A. cloacae, sixteen quarteis; E. coU, twenty- 
seven quarteis; and unclassified colifonns, two quarters. In addition, a 
few infections with intermediate coliform types were encountered, but they 
did not present a serious clinical problem. 

Clinical manifestations 

The coliform infections were classified on tlie basis of clinical manifesta- 
tions as latent, chrome, acute local, or acute systemic. A brief description 
of each follows: 
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LATENT . 

Infections described as latent usually persisted for periods ranging from 
facveral wcclis to 8 months, and they ucrc not accompanied by a detectable 
alteration in the iniik. About *10 |)er cent of the infections were classified 
as latent. 
cimoMC 

Infections \\ere ehisaifietl as chronic when accompanied by evidence of 
more or Icas mild tiaaiie irritation. Tliis fonn of the disease uas charac- 
terized by the intcmiittcnt occurrence of visible particles in the first milk, 
periodic increase's in leucocyte number in the milk, fluctuations in pll of the 
milk, and intennittont transitory huellings of the quarter. Chronic infec- 
tions usually persisted for months. For example, one quarter remained in- 
fected witli cloacae for 17 months, and another quarter shed *1. acrogenes 
for 22 montlis. IJoth of these infections were later removed by streptomy- 
cin infusions. One case of chronic mastitis of 2 months’ duration ter- 
minated in acute systemic mastitis. 

ACUTE LOCAL 

The acute local form of cohfonn mastitis usually occurred without pre- 
vious iudicatioti of infection In the <iuarter, although in some instances a 
xcccnt latent infection tcnninalcd in acute local mastitis. Tlio first stage 
usually consisted of the sudden ap|>carance of a soft edematous swelling of 
the pareiichjTna immediately above the gland cistern. The quarter was 
often warm and sensitive and the secretion, thougli milk-like, usually coa* 
tamed small to very large mucofibrinous clots. In some cases the symp- 
toms would begin to subside by the next milking period, and in a few days 
the quarter would return to normal. In the majority of cases, the entire 
quarter would cxliibit a more or less soft edematous swelling, or the condi- 
tion would have progressed to an intense firmnc&s throughout the paren- 
chyma by the next milliing jxiriod. Tlic termination of such cases was 
variable. Either the swellmg receded and the quarter returned to the 
production of normal milk within the next few days, or the regression of the 
swelling occurred more slouly, leaving a partly atrophied quarter. To 
what extent these partial or complete recoveries were influenced by sup- 
portive treatment was not determined. Acute swelling was invariably 
treated by soaking the udder in hot water twice daily for 30-minute inter- 
vals. In addition, tlie involved quarter was milked-out completely and 
then massaged thoroughly. In some cases intramammary therapy was 
used in addition. This included infusions of penicillin in repeated 100,000- 
umt doses and/or sulfamethazmc either as a diluent for the penicillin or 
given systemically- The response to such treatment was exceedingly 
variable and, hence unsatisfactory 
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ACUTE SYSTEMIC 

The reaction of the involved mammary quarter in acute systemic mastitis 
was similar to that in acute local mastitis, but in addition a systemic reac- 
tion occurred. Tlie latter consisted of inappctcncc, partial to complete 
cessation of milk flow, an abnormal flow of mucoscrous fluid from the nos- 
trils, fluctuations in rectal temperatures between 102* and lOS-S^F, and 
rapid loss of ^veight. In the more severe cases an edematous swelling of the 
hock and pastern joints occurred, and in one case an extensive edema de- 
veloped in the ventral abdominal wall between tlic anterior border of tlie 
udder and the sternum. In the most extreme forms of the disease, the 
cows died in 5 to 30 days. The acute systemic form usually occurred early 
in lactation. Such cows usually had not yet rebred, had ceased to lactate, 
and had lost considerable flesh. Hence, they were unprofitable for dairy 
purposes and had to be culled from the herd. Prior to the use of strepto- 
mycin in this herd, fourteen cows developed acute systemic mastitis. A. 
aerogenes was associated with seven of these cases, E. coli with five cases, 
and in two cases the coliform type was not identified. Three of these cows 
died, ten became culls, and one recovered sufficiently to bo milked again. 

j. Streptomycin Studies 

Technic • 

The streptomycin was prepared for infusion by dissolving it in sterile, 
distilled water in the ratio of 1 gm of streptomycin base to 100 ml of water. 
The udder was washed free of extraneous organic material before treatment. 
The teat orifice was disinfected with alcohol immediately before the strepto- 
mycin infusion was administered. A sterile ground-glass syringe fitted 
with a sterile metal cannula was used to introduce the infusion into the 
quarter. Thereafter, the cisterns of the teat and gland were massaged 
briefly. Soaking the udder in hot water for 30 minutes after the night and 
morning milkings was continued in all cases of acute local and ac\itc sys- 
temic mastitis. 

Dosage 

The total (luantity of btieptomycin infused into un individual mammary 
quarter in a single course of treatments was varied between 1.5 and 8.5 gm. 
The quantity employed for a single dose within the scries was either 0.5 or 
1.0 gm with the exception of two quarters which received initial doses of 
2 0 and 2.5 gm, respectively. A total of 1.5 or 2.0 gm of streptomycin did 
not yield satisfactory results in lactating cows having chronic, acute local, 
or acute systemic mastitis caused by A. aerogenes. Subsequent observa- 
tions on these animals suggested the possibility that serious consequences 
might ensue from use of an insufficient quantity of streptomycin. Specific 
instances in which this appeared to be the case were as follows: 
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1. Cow 1312 (lovoloped acute Iwal nuustitis in lier ri^iit rear <iuarlcr. 
Infii-lons of t)..") mu of strcpiomyciu wcie a(hnini^tcl^Hl four tinu*.'* at 12- 
liour intcr\’als (total 2.0 gnO- aeutc symptoms suhpiclcsl but tlic in- 
fection remaincil ami Ix'oame chronic. One monlli later tlie same (piartcr 
w:us given eight O.o-gm infusions of streptomycin at 12-hour intcn’als. 
Still the infection with .1. acroycncA mjls not rt’inoved and symptoms of 
chronic mastitis eontinuwl to apiK^ar intermittently. Kight uerks after 
the .•<-cond s<‘rics of infusions, a thinl attempt Wits made to remove the in- 
fection. This time 1.0 gm of slicptomyein ua.s adminUteriKl every 12 
hours until a total of S gm had U^eii infusctl into the quarter. Following 
tio.itment with thi.s large total da-e of streptomycin, the -I. ncrogoici 
infeetion disjij)j)oare<l and the tpiartcr rcluniiHl to the secretion of nomial 
milk. 

2. Cow 1157, infectesl with .!. acrotjcncs in her right iv.ir tiuarter, had 
shown chronic mastitis for 5 months, 'lljc involved quarter wa.s infuscsl 
with a total of 2.0 gm of stn.‘ptomycin, administered in 0.5-gm dof<‘» at 
24-h()ur intcr\*aLs. The infection i>crsiste<l, and 2 months later the (luarter 
was retreated with a total of 1.0 gm of .streptomycin. Suhscfiuent sam- 
plings of the (piarter rcvealerl that . 1 . acro<jcncs was still present. thinl 
treatment wa.s given, consisting of a tot.al of 8 gm of streptomycin, adminis- 
tered in 1.0-gm doses oveiy 12 hours for 1 days. In thU cow, the thinl 
senob of infusions with a huge total tlosc of streptomycin failctl to nmiovc 
.1. acrogcncs. Xo trials wore made to ascertain whether this strain of 
.1. ficrof;c;jc5 had become resistant to strcjilomycin, but it was .sUspoctc<l 
that such might have been the case. Thca*aflcr, the cow was milked U't 
to jireclude the spread of this jiossibly resistant strain to other cows in the 
herxl 

3. Two laetating cows, 1085 aiul 1713, developed acute systemic mastitis 
causeil by .1 acrogcncs. The involves! quarter in each cow received a total 
of 1 5 gra of streptomycin, administered mO.o-gmdoscs at 12-hour mteiwals. 
In cow 1GS5, the symptoms subsided but the infection persisted in the 
mvolvctl (luarter for 1 week after treatment and then disappeared. Simi- 
larly, m cow 1713 the ^'mptoms began to subside; however, a relapse 
occurred 72 hours after the last mfusion of streptomycin. Rapid deteriora- 
tion to a cull condition followed despite an additional treatment with 3.5 
gm of streptomycin which %vas infused into the involved quarter during the 
succeeding 3 days Tliis experience raises the question of whether the 
relapse m cow 1713 could have been prevented had the initial treatment 
been extended for se\'cral more daj's 

4. Cow 1375 was a valuable animal, having produced SSI pounds of fat 
in 330 daj's on a three-time milking schedule. She sliowed a latent infec- 
tion with A. aerogenes in her left front quarter. Streptomycin was infused 
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in 0.5-gm doses at noon and at 8 p.in. on two successive days (total 2.0 
gm). Two weeks after treatment, a milk sample from this quarter con- 
tained E. coh, which could have been a contaminant. Ten days subse- 
quent to that observation, the left front quarter developed acute local 
mastitis. The herdsman immediately instituted treatment with strepto- 
mycin, but he overlooked drawing a pretreatment milk sample for bacteri- 
otogve study. This second series of strcptoms'cin infusions iv'as identical 
m scope with the first series and, therefore, a total of 2.0 gni was again 
administered. The symptoms subsided and the quarter returned to 
.secreting a normal milk. During the nc.\t ".5 months, milk samples were 
draum for bacteriologic study on twelve occasions Xo coliform oiganismsi 
acre found in the first eight samplings taken during the first 6 inonthh. 
A. aerogenes was isolated from both the left front and right rear (luarters at 
the 9th, llth, and 12th sampUnj^, but not at the 10th sampling. This 
represented a recurrence of A. acrogcncs in the left front quarter and a new 
infection in the right rear one. At the time the 12th sample was drawn, 
the cow was dry. A decision was made to treat the two infected quarters. 
Since the left front quarter had been treated on two pievious occasions 
with 20-gm dosos of streptomycin, it was decided to increase the dose in 
the current tieatmcnt. The left front quarter was treated with 8 gm of 
streptomycin, uhereas the right rear quarter ^^as treated with 4 gm. 
These quantities wcie given in four equal doses at 24-hour inten'als. Tlio 
cow calved 7 days after the infusions wcic completed. Milk samples 
drawn twice during the first week after calving were negative for coliform 
organisms, but 6 w'eeks later the cow developed acute systemic mastitis m 
her right rear quarter. The day pnor to the occurrence of the acute masti- 
tis, this cow produced a total of 81 .8 pounds of milk. At the 4 a.m. milking 
on the day of appearance of the mastitis, her udder was normal and pio- 
duced at this milking 27.5 pounds of milk, whereas 8 hours later, when hhe 
was brought in for the second of her three daily milkings, her right rear 
quarter was swollen and the total production from her udder was only 
80 pounds of milk. At 8 that night, slie walked with difficulty, her no.stril» 
were discharging a mucoscrous material, her rectal temperature 
107 .2“?, and her total milk production was only o 2 pounds. Pretreatment 
milk samples were jjpwn, and A. aerogenes was found m the sample from 
the right rear quarter. Because of her previous history relative to strepto- 
mycin treatments, a large initial dose, consisting of 2.5 gm of streptoniycm, 
was infused Subsequent treatments and observ’ations were as follows: 

2nd da> \i lam, temp 106 2®F. Infused 1 0 gin of streptouiycia and 100,000 
units of penicillin Alsu, 0 5 gm of streptomycin administered subcuta- 
neously. Temp at 9 p m. 101 2'’F 
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3rd day: At 4 a.m., temp. 103.4*F. Infused 0.5 gm of strcplomjcln and ga\e 
an additional 0.5 gm nubcutancously. Xoon, temp. Iftl C‘F. Considerable 
improvement in gener.*!! appearance. 

4th day: At 8 a.m , cow is eating hay, and temp, is Infused 0.5 gm of 

streptomycin. At 9 p.m., temp. I0I.<5*F. 

.>th day: At 9 a.m., cow is not eating. She appears very sick. Infused 05 gm 
streptomycin at 0 a.m. and again atOp.ni. AlsogavcO 5 gm of streptomycin 
subcutaneously at 9 a.m. Temp, at 9 p.m. 101. 7*F. 

fith day: At 7 a.m., cow is \cry sick, is off-feed, and has forced respiration. 
Temp. 105.8*F. Right rear r]u.artcr markedly swollen. Cave 1.0 gm of 
strcplomj cin subcutaneously at noon .and again at 8 p.m. Temp at 9 p.m , 
105. 1'F. 

7th day: At 7 a.m., temp. 105.1*F. X« milk from udder. Cow still %cry sick. 
Has forced respiration. Ga\'c 4.0 gm of streptomycin subcutaneously, fol- 
lowed at noon by an infusion of 1.0 gm of streptomycin into the iniohed 
quarter and administration of 1.0 gm subcutaneously. In addition, 450 
grains of sulfamclharinc was given by mouth. .VI 9 p m., 1.0 gm of strep- 
tomycin infused an<l 1.0 gm gi\cn subcutaneously. 

Slh day: At C a m., temp. I03.0*F. Cow {seating h.iy. Gave 1 Ogm of strepto- 
my cin by infusion and 1 .0 gm subcutimeously. Right rear quarter still finn 
butsoflcning. Atlp.m.,tcmp 105 CK. Gave570grainBofsulfametha2ine 
by moutli. 

0th to 20th day: Gradual return to normal appetite and body temperature. 
I<os8 of weight during illness nut excessive. Cow completely dry and non' 
pregnant, but her value as a breeding animal justifies retaining her in the 
hcr<I. 

In speculating on the ca.«o of cow 1375, it appears possible that a strain of 
A. acrogcncs, which had become rcblhcjy resistant to streptomycin, had 
developed following the two previous Iroatmcnls of the left front quarter 
with 2.0 gm of the antibiotic. This may have resulted in a latent infection 
in that quarter, from which t!ic organi.^-m was shed intermittently. If such 
were the case, it is possible that the right rear quarter became infected as a 
result of spread of A. aerogmes from the left front quarter. Tlie infection 
in the left front quarter yielded to treatment w ith a total of 8 gm of strepto- 
mycin administered during the di>' period, whereas the infection in the right 
rear quarter was treated with a total of only 4 gm, and apparently A. 
aerogenes was not removed from that quarter, and later an acute sy&temic 
mastitis developed. It is equally possible that the acute systemic mastitis 
originating in the right rear quarter was a recent, iiew infection with a 
streptomycin-resistant strain. 

5. The case of cow 1042 strongly su^ests that streptomycin-resistant 
strains of .d. aerogenes had appeared in the environment of the herd. This 
cow developed acute mastitis of the left front quarter during the third 
month of lactation. A. aerogenes was isolated from a pretreatment sam- 
nle Tvvelve hours after symiptoms were first observed, an infusion of 2.0 
gm* of streptomycin was administered. This was followed by additional 
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infusions, given at five 12-hout mlcrvals and consisting of 1.0 gm, 1.0 gm, 
1.0 gm plus 400,000 units of pcnicilUn, 0.5 gm, and l.O gm, lespectively 
(total 6.0 gm). At the time of the initial infusion of 2.0 gm, the cow’s 
tcmperatuie was lOd.G^F. During the lemainder of the treatment period 
lier tempeiature fluctuated between 101.8* and 103.7®F. The cow showed 
inappetence, but she was eating again on the fourth day. The in^’olved 
quarter became very firm, and an edematous swelling extended into the 
left flank. The swelling of the paienehyma did not soften during or after 
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KesuUs obtained uken laclaltng quarters, injected ictlh carious pathogens, were treated 
with 4 0 gm vj streptomycin, admintstcrtd in OS-gm doses, lu'iee datj}/ for 4 days 
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treatment, and the quarter gave only a small quantity of blood-tinged 
exudate. A. aerogencs ^Ya3 present in a sample dra^vn from the affected 
quarter 20 hours after the last infusion of streptomycin and was still present 
in another sample drawn 6 days later. The cow returned to a satisfactory 
milk flow from the three noninfected quarters, but the left front quarter 
remained firm. The animal was slou^tcred as a precautionary measure 
to preclude spread of this posably streptomycin-resistant strain to other 
cow sm the herd. 
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Ivxporioncc witli thcbc .“ix cons i>uggc‘aU that a large total dosc of strepto- 
mycin should Im‘ einploycHl when colifomi infections of the iniiminarj' gbnd 
are to lx* treated. It was decided, therefore, to Irj’ in lactalingcow-sa total 
of 1.0 gin of streptomycin Ixi-si jkt mammary* <iiiartcr, and this wad to be 
adininistcied in O.o-gm dost's, twice daily, for 1 days. The follow ing rcMilts 
were obtained with this pattern of tnfatmeiU. 

IlcsulU 

Table 8o prc.-c'nt.s a Miimnaiy of the resull.s oblainwl from the administra- 
tion of a total of -1 gm of streptoin>iiti to lactating ipiarters infetteil with 
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various bactenal pathogen-s. Of thirt 3 '-two quarters infected with A. 
acrogcties, A. cloacae, or E colt, twenty-six responded satisfactonly. The 
infections that did not respond satisfactorily were distributetl as to t>’pe 
of infection and clinical classification as follows: A. cloacae, two quarters 
with chrome mastitis, -1. acrogencs, one quarter with acute local mastitis 
and two quarters with acute systemic mastitis, and E. coh, one quarter 
with acute systemic mastitis Of the three acute sj-stemic infections which 
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terminated unsatisfactorily, one cow died and two cows became culls and 
were slaughtered. Streptomycin was also employed on four lactating quar- 
ters infected with Ps. aeruginosa and two lactating quarters infected with 
S. aureus. None of these infections were removed by treatment. 

Table 80 presents a summary of streptomycin treatments administered 
to infected drj' quarters. A total of either 2.0 or 4.0 gm of streptomycin, 
was given in 0.5- or 1 0-gm doses, respcctiv’ely, once daily, for 4 days. 
Favorable responses were obtained in four quarters infected with A. 
aerogcncs, in one of two quarters infected with E. coli, in three of five 
quarters infected with S. aureus, whereas one quarter infected with Ps. 
aeruginosa remained infected. The number of quarters treated is too 
limited to permit a conclusive statement relative to the total dose of strep- 
tomycin that should be used for best results in the treatment of infections 
in dry quarters. 

Discussion and Summary 

A. GcTogcnes, A. cloncac, or E. coh infections of the mammary gland, 
uhich, on the basis of clinical manifestations, uerc classified as latent, 
chronic, or acute local ma&titis, have for the most part responded satisfac- 
torily to intramammary therapy with streptomyern when infused in 0.5- 
gm doses, twice daily, for 4 days. Clinical evidence is presented which 
suggests that use of smaller total doses of stioptoinycin may lead to develop- 
ment of stieptomycin-resislant strains of coUfoim organisms, specifically 
A. acrogenes Certain obscrx'ations presented in this paper indicate that 
such an enhanced resistance to stieptomycin on the part of the pathogen 
may result in subsequent occurrence of cases of clinical mastitis uhich 
require very large total doses of streptomycin to produce beneficial re.sults 
or nhich may fail to respond at all to streptomycin thei'apj'. 

Three of 7 co\n 8 affected with acute systemic mastitis caused by cohfovm 
organisms were not benefitted by intramammary therapy with a total dose 
of 4 grams of sti'eptomycin. To date, no cultural studies liave been made 
on the blood of cows showing systemic reactions in coliform mastitis. It 
is quite possible that in such cows a bactcricmra occurs. If this is correct, 
a combination of systemic and intramammary therapy with streptomycin 
is indicated 

r^lultiple infusions of stieptomj'cm totaling 4 grams per lactating quarter 
have failed to remove Ps aeruginosa from 0 quarters or S. aureus from two 
quarters Further trials are indicated. 

Dry quarters, infected with a vaiiety of bacterial pathogens, have been 
given a total of either 2.0 or 4.0 grams of stieptomycin, administered 
daily in 0.5- or 1.0-gram doses, respectively, for 4 days. Favorable re- 
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sponsc was obtained witii some of the cafes but the data available at this 
time arc too limited to be concluidre. 


J. SuiTj;, C. 11. , 2*£T£asE.v, W, K. am> Buo».v, Jl. W, JVoe. Soc. Exp. Biol. Med,, 
CS: 21G-219. 19lS. 

2. Blnso.v, D. V. Jour. Aincr. Vet. Med. Am., Ill; 2&l>-29t. 1917. 

3. Lii'max, .V. Jour, .\iner. Vet. Med. 112: 377-378. 1918. 

4. McMa.su 8, X. It. Univ. I’eiiMylvanla Hull. Vet. Kxt. Quarterly N'o. 112: 12-13. 

1918. 

5. SaiALM, 0. W. Cornell Vet., 38: 180-1&9. 1018. 

0. Parr, L. W. Pact. Hcv., 3: 1-43. 1939. 



JOHN 0. ALRIQinST, Pn.D. 
PcnnsV^tianta Stale College 


Chapter 45 


STREPTOMYCIN AND PENICILLIN-STREPTOMYCIN 
FOR CONTROL OF BACTERIA IN BOVINE 
SEaiEN 


One of the most important problems in artificial insemination of dairy 
cattle is control of the bacterial flora of diluted bull semen. Present-day 
techniques for the collection of bull semen tend to reduce bacterial con- 
tamination, but it still is impossible to obtain semen which is absolutely 
free of bacteria. Further contamination may occur prior to insemination 
of the female unless adequate precautions are taken in the prepamtion and 
handling of the diluted semen. In addition, both undiluted semen and 
diluted semen serve as excellent media for bacterial growth. 

The presence of bacteria in semen may introduce error into tho results of 
studies on the metabolism of spermatozoa. Bacteria compete with sper- 
matozoa for nutrients and other substances. The toxins and end products 
of bacterial metabolism may be harmful to the viability of spermatozoa. 

The possibility that the semen of the bull may servo as a means of trans- 
mitting certain genital infections wliich are related to fertility problems 
in females is of great significance in artificial insemination under field con- 
ditions. For example, it has been shown (1) that Br. abortus can be spread 
by artificial insemination with, infected semen. Types of bacteria similar 
to those associated with metritis, cervicitis, sterility, and abortion in cows 
sometimes are found in the semen of bulls. Though no apparent relation- 
ship between numbers of bacteria in semen and fertility level of bulls has 
been found (2), certain types of bacteria, particularly Ps. aeruginosa (3) 
and members of the genus Micrococcus (4), appear to be related to low fer- 
tility in the bull. 

On the basis of the foregoing facts, bacteriological control of bovine 
semen with antibacterial agents would appear to have practical value not 
only in metabolism studies but particularly in extending the usefulness of 
routine artificial insemination of dairy cattle. 

In recent years various antibacterial agents, including streptomycin, 
penicillin, and various sulfonamides, have been used in efforts to control 



()0U 


mi&ci:ll.\m.oc9 u&ls 


bactcriiil grovsth in buU .semen. In studies with penicillin, Almquist, 
Thor]), a)j(J KnwJt (o) found lhat complete bacterial control could not lx; 
achieved uilh as hi};!! as 2,000 units/nil of diluted semen. Since penicillin- 
resistant organi.sins were encountered, Ahnquist cl al. (G) next investigated 
the ctTectiveneNi of strciJtomycin. 

iNHimTlO.V or* lUCTElUAL GuOWTII JiV STUhlTOMYCl.V 

In 1918, Almtiuist, (Ilantz, and Thoq> (G) rcportc<l that streptomycin 
could l)e added to 4iilutcd bovine semen in amounts that would cfTcctivcIy 
retard the growth of bacteria without Iwing hannful to the activity of the 
spermatozoa. Ixj\el.s of htrcptomycin nujging from 100 to 2,000 or 
units/ml of dilutwl semen were studk-d. The semen was diluted at the 
constant rate of 1 part of fresh semen to 21 p.arts of egg yolk-citratc dilutcr. 
'Hie yolk-citrate dilutcr was coinpo.'^d of 1 part of fresh egg yolk and 1 part 
of a buffer solution of 3.G per cent sodium citrate «liliydratc. 

To be of practical value any antibiotic adde<l to bull semen must not 
c.\crt an injurious effect ti|H>n the s|)crmalozoa. Relatively high concen- 
trations of streptomyeijj can Ixj added to diluted semen without apparent 
toxicity to the .spermatozoa. Additions of 100, 2o0, oOO, 750, and 1,000 
units of btieptomycin sulfate i)cr milliliter of ililutcd semen did not signifi- 
cantly nITcct the viability of bull '-ponnatozoa during storage for 20 days at 
■1 .>*C I-evcls of 1,250, 1,500, and 2,000 mnts/ml of diluted acmen, how- 
ever, brought about a significant decrease in the motility of the sperma- 
tozoa during storage. 

Uacterial plate counts showed that streptomycin inhibited growth of 
bacteria in diluted semen as compari“d with semen containing no strepto- 
mycin. Levels above 100 imits/ml of diluted semen were especially cfTec- 
tive. Bactcnal control was exidcnt not only m fre.dily diluted j-cmen, but 
also m diluted semen after storage for 8 days at 4 5®C. Thus the average 
plate count for (he stored dduted semen containing no s(reptom 5 -cin w.as 
82,000 bacteria i)cr millihter, whereas similar portions of semen eontammg 
100 to 2,000 units of streptomycin per milliliter a\cragcd only 2,000 bac- 
teria per milliliter. In general, streptomycin appears to be more effective 
than pemcillm (5) for ctintrolling the growth of bacteria in diluted bull 
semen 

There was no sigiiiticaiit lo^s m streptomycin activity m diluted semen 
sloicd for 8 and IG days at 4 5°C, according to assays bj' the standard 
cylinder plate method u-«ing ]i nublihs as the test oiganism In the future, 
contiol of bacteria piobably will become intieasingly important as semen 
is used for insemination after undcigoing longer periods of storage Thus 
the marked stability of Ureptomyem js an important attribute so far as its 
practical use m diluted semen is concerned. 
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Since more lliaii 100 iinits/m! of dilutc<l ssemcu aic icquired for most 
pificient bacterial contiol, ami Hncc levels exceeding 1,000 units/ml aic 
deleterious to the spermatozoa, it appears that the lecommended concen- 
trations for Use in diluted bull semen arc between 250 and 1,000 units/ml. 

In studies to develop a .‘'j’Uthetie diluting metlium for bull semen, Pliillips 
and Spitzor (7) noted considerable growth of bacteria in some of tlie prepa- 
rations. They recommended that siilfathalidme, sulfasuvidine, or strepto- 
mycin be added to their .syntlietic pabulum (diluter) at the rate of 25 to 30 
mg/100 ml for the contiol of bacterial growth. The streptomycin used by 
these workers ashaj’ed 190 units/mg; therefore, the pabulum contained 57 
units/ml at the 30 mg per cent level (8). Xo data on the numbers of bac- 
teria with and without this level of streptomycin were given. Though this 
level of streptomycin would be somevvhat c/Tcctivc in contiolling bacterial 
contamination Iiigher dosages could be used safely, in light of findings 
described above, and would result in more efficient retardation of bacterial 
growth. 


Pknicillin'-Stjieptomycin vs. Stubptomycw Fon 
Bacteriologic.vl Control 

Since neither penicillin nor streptomycin alone provided complete 
bacterial control in diluted bull semen, Almquist, Glantz, and Shaffer (9) 
studied the effect of a combination of the antibiotics. They found that a 
combination of penicillin and streptomycin definitely is more effectivo tlian 
either one alone. Also, there appeared to be a marked synergistic effect. 

As showTi in figure 90, eight combinations of the sodium salt of penicillin 
and streptomycin sulfate ranging from 100 to 1,000 units of each per milli- 
hter of diluted bull semen were studied. Viability studies involving 1,170 
motility estimations showed that none of the combinations caused a sig- 
nificant effect upon the ability of the spermatozoa to remain motile during a 
20-day storage period. Apparently penicillin and streptomycin act inde- 
pendently in their effects upon spermatozoan viability, as the total effect 
wlien used togetlier appears to be no greater than ^vhen either is used alone 
(5, 6). 

In the first series of semen samples studied, Almquist, Glantz, and Shaffer 
(9) found no growth of bacteria on plates representing penicillin-strepto- 
myem-treated semen either in freslily diluted semen or diluted semen 
stored for 8 days. Bacteri<al contamination of the undiluted semen sam- 
ples used was verj’ low, however, as shown by tlio average plate count of 
5,700 per milliliter. To obtain higher, more repicscntativc bacterial 
counts in the untreated control semen, the fleshly collected samples in the 
second senes were inoculated with broth cultures of bacteria isolated from 
previous semen platings. The broth cultures consisted of five different 
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Kia 91 The effect of a combination of peniciUin and streptomj cin upon bacterial 
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iucludiog gram-positive rods, gram-positive cocci, and 
. 0 rods. 

^ 02 presents the average plate counts of the freslily diluted, inocu- 
.a semen plated within I Jmiir following treatment with pcnicillin- 
sticptomyciu. The undiluted bcmcn had a plate count.of 270,000 bacteria 
per milliliter, while the diluted semen witliout the antibiotic averapd 

52.000 per milliliter. There was a decrease to 4,000 organisms per milliliter 
when 100 units each of penicillin and streptomycin were added to the diluted 
aciuen. The number of bacteria per milliliter decreased as the concentra- 
tions of penicillin and streptomycin Increased from 100 units of each to 

1.000 units of each per milliliter. It is possible that better bacterial contrd 
of the fresh material was not obtained because the serial dilutions tended 
to dilute the penicillin-streptomycin concentrations below their most 
effective inhibitory level. 

^Vs showTi in figuie 91, there were marked decreases in the bacterial plate 
counts following storage for 8 days as compared witli the same samples 
plated before storage (fig. 90). Negative plate counts consistently were 
obtained at levels above 100 units each of penicillin and streptomycin. 
Field studies lecently completed Indicate that negative plate counts also 
may bo expected when diluted semen used for artificial breeding is treated 
with 1,000 units per milliliter each of penicillin and streptomycin (fig. 9 ). 
In these experiments the treated diluted semen was plated 24 to 32 hours 
after collection and dilution. 

Desoxycholuto agar plates showed that organisms of the coliform group 
also were cfTectively controlled by penicillin plus streptomycin (9). 


Streptomycin in Artificial Insemination 
From the practical standpoint, the usefulness of streptomycin can be 
determined only by the relative fertility of semen so treated. ^ Durmg 
1948, Almquist and Prince (10) conducted a field trial in cooperation with 
Western Pennsylvania Artificial Breeding Cooperative, Clarion, Pa., to 
test the effect of strejitomycin alone and in combination with pemciUm 
upon the fertility of semen from bulls used for routine artificial insemination. 
Each diluted semen sample was divided into two equal portions. One por- 
tion remained untreated, while the other portion was treated with either 

1,000 units of streptomycin or 1,000 units eacli of penicillin and strepto- 
mycin per milliliter of diluted semen. Tlius each semen sample se^ed as 
its owTi control. It was felt necessary to use this experimental design be- 
cause of the \ride variation in numbers and types of bacteria found in semen 
collected at various times from the same bull (2). Other published (11) 
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Fia. 00 The ciTcct of a combiDutioii of pcniciUm and atrcplomycin upon bacterial 
populations in freshly <lilutcd semen inoculated nith bacterial cultures (0). 
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Fio 91 The effect of a combination of penicillin and streptomycin upon bacterial 
rrrAwthin inoculated, diluted semenstoredfor 8days at 4.5‘’C (9). 
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Results presented in table 87 indicate that streptomycin alone and com- 
bined with penicillin markedly improved the fertility of semen from five 
relatively infertile bulls. Streptomycin alone improved fertility by 67.3 
per cent as compared nitU untreated controls. Penicillin and streptomycin 
together resulted in an increase of 55.1 per cent ov'cr (he controls. Each of 
the five relatively infertile bulls sliowed a significant improvement in 
breeding efficiency when the semen was treated uith antibiotics. T^vo 
other problem bulls failed to respond and were slaughtered by the Co- 
operative before completion of the experiment. Though the response in 
fertility is striking, it is necessary to caution that not all relatively in- 
fertile bulls will respond to such a marked degree. Many factors affect 
fertility, and it should not be e.vpected tliat the use of antibiotics in semen 
will solve all breeding difficulties with bulls. 

Limited data on two relatively fertile bulls (table S7) indicate that strep- 
tomycin either alone or in combination with penicillin docs not aid fcitilifcy. 
In fact, the combination appeared to bring about a slight decrease in con- 
ception rate. Further fertility data on semen from additional relatively 
fertile bulls are needed before definite conclusions can be reached. 

SU3.LM.\RV 

Streptomycin in concentrations of 250 to 1,000 units per milliliter of 
diluted bull semen inhibits bacterial grow’th without causing a significant 
decrease in the motility of the spermatozoa during storage. Levels of 
streptomycin above 1,000 units per milliliter are detrimental to the viability 
of bovine spermatozoa. Tlie antibiotic is ver>' stable in stoied diluted 
semen. 

Penicillin and streptomycin in combination arc superior to either one 
alone for controlling the growth of bacteria in diluted semen. Field 
studies recently completed indicate that negative plates may be expected 
when diluted semen used for artificial breeding is treated with 1,000 units 
each of penicillin and streptomycin per milliliter. Concentrations of each 
antibiotic ranging from 100 to 1,000 units per milliliter of diluted semen do 
not affect the ability of the spermatozoa to remain motile during storage. 

Streptomycin, or penicillin plus streptomycin, markedly improves the 
fertility of semen from certain relatively infertile bulls used for routine 
artificial insemination. Streptomycin, when used alone, iiicieascd the 
conception rate of the bulls of low fertiUtj' by 67 .3 per cent, and, in com- 
bination with penicillin, by 55.1 per cent. 
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Fio 02. Control of bacteria in diluted bull semen with a combination of streptO' 
inyciQ and penicillin: 1 untreated diluted semen; 3. same diluted semen treated uith 
J,000 units each of strcpiomyeio and pcniciiUa (Original). 
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and unpublWicd (10) data surest tliat 1,000 units of penicillin per milli- 
liter of diluted semen is equally efficient in improving fertility of semen from 
tortain bulls of lowered fertility. 
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USE OF STREPTOMYCIN IN AGRICULTURE 


Many species of phytopathogenic bacteria have been found to be sus- 
ceptible to the action of streptomycin. The practical application of strep- 
tomycin to agricultural problems, with the exception of veterinary medicine, 
has not been explored, however, to the same extent as it has been in the field 
of medicine. One reason for this was the high cost of streptomycin. Im- 
proved methods of streptomycin production, and the fact that a high degree 
of purification may not be necessary for many agricultural uses of this 
antibiotic, may lead to the introduction of streptomycin in phytopathology’ 
and related fields. Since streptomycin does not exhibit any fungicidal 
properties (1), its use in phytopathology may be limited to control of bac- 
terial diseases of plants such as those caused by seed and surface-bomo 
organisms. 

Brown and Keep (2) were able to eliminate -Y. pruni, the cause of a 
serious disease of stone-fruit plants (Prunus), from infected budwood by 
soaking the bud sticks in a streptomycin solution. Ark (3) reported suc- 
cessful disinfection of cucumber seed contaminated with Ps. lachrymans 
and demonstrated the efficiency of streptomycin for fourteen species of 
phytopathogenic bacteria, both gram-positive and gram-negative. *S. 
scabies, the causal agent of the potato scab disease, was found to be very’ 
susceptible to crystalline streptomycin. Ag. tumefaciens, the crown gall 
organism, showed a considerable resistance to streptomycin, in comparison 
with other bacterial species in the test. The practical application of strep- 
tomycin to control crown gall was suggested by Broum (4) and Hampton 
(5). The latter reported cures of both soft and hard croum gall, on numer- 
ous species of plants by applying a cotton-wool pad saturated with the 
antibiotic; by immersion of the galls; and also by injection \vith hypo- 
dermic syringe. The galls were eliminated in such important agricultural 
plants as Prunus domcslica, P. salicina, P. ccrasus, and Pyrus communis. 
This investigation suggested the possible value of streptomycin in nurseries 
where cro\ra gall at times takes a large toll of plants. Tlie ring-rot organ- 
ism of potatoes, C. scpcdonica, a gram-positive bacterium, was successfully 
killed in vitro and in vivo by Van Schaack (6), who tested Pontiac and White 
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They were then plaiUcd in garden soil in pots. No deviation from normal 
plants was noticed during 2 months in the greenhouse. Tins demonstrates 
a leinaikahlo nontoNicitj' of the sticptomycin for higher plants. The pres- 
ence of the streptomycin was ilemonstratcd in the enibrj'o of the treated 
cucumber seeds. Embiyos of the treated cucumber seeds, which were 
stored at room temperature for 2 raontlis, still showed the presence of the 
antibiotic w hen tested on plates seeded with Ps. lachrymans. E. carotovoraf 
the organism causing soft rot of carrots, potatoes, and a host of other fleshy 
plants, was successfully checked with the streptomycin when White Rose 
and Netted Gem potato slices weie inoculated with a broth culture of the 



pli> topatho 
Ag. tumefac 
F cucurbtU 

clockwise. 1-10,000; 1.50,000; 1 100,000, and I :l, 000.000 (Original)’.' 

organism by placing on them sterile filter paper discs dipped in a 24-hour- 
old culture of E. carotovora and incubating them 1 to 0 hours before treat- 
ment with streptomycin (tig. 95). 

Under greenhouse conditions, stieptomycin appears to remain stable 
long enough to give some control of the leaf-spot organism, Ps. punciufans, 
on tomato plants, Lycopcrsicum escuUntum. Lots of eight small tomato 
plants, variety Pearson, were used for tlie experiment. In one series eight 
plants uere sprayed Avith tlie antibiotic 1 hour before inoculation with the 
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Hose varieties. No data on attempts to culture the treated seed pieces for 
ring-rot baetcria were presented in the report. 

T.ho author (7) made extensive studies on the cfTccts of streptomycin on 
phytopathogcnic baetcria under laboratory, greenhou.'^*. and field rondi- 

to the genera Erwinia, Xanlhomonas, CoryncbacUrium, Pseudomonas, and 
Agrobaclcriu/n. Figures 93 and 91 show inhibition zones, on plates sccdcil 



F 

Rcni 

gam 

Ph.. 

bcin . . , ^ - 

plate from lo>Ncr center tJisc, clockwise I 10,000; 1 '100,000, ami 1 1,000,000 
(Original) 

with phytopathogemc baetcria, due to different concentrations of the 
crystalline streptomycin. Cncumber seeds soaked in concentrations of the 
streptomycin varying from 1 to 10,000 to 1 to 1,000,000, dried at room tem- 
perature and placed on plati*?» seeded with the migulur leaf spot oi-ganism, 
Ps lachryinans, showed antibiotic activity' a-s showm in figure 95, bottom 
row. It is iateiesting to note tliat tlie viability of the seeds wms not 
affected by soaking the seed in the stieptoraj-cin for 24 or more hours. In 
one experiment the seeds were left in a solution until they germinated and 
the seedlings had grown to a large size forming an abundance of roots. 
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and untreated tomato seed was drilled by a grower. Counts were made on 
200 plants in each series. There was no canker in tlie lot from treated seed, 
whereas the check showed GO per cent canker. It appears that the strepto- 
mycin controlled the seed-bomc diseases in both the cucumbers and the 
tomatoes. Since the tomato test was performed only once, the e.xperiment 
should be repeated under a variety of conditions before conclusions are 
reached as to the value of the antibiotic as a control measure for tomato 
canker. 

A few experiments on the use of streptomycin to control plant diseases 
indicate the possible application of this antibiotic in phytopathology, the 
limitations being its ineffectiveness against fungus diseases and its inactiva- 
tion under field conditions when placed on plants. Streptomycin may be 
useful in controlling sced-boine bacterial diseases of plants. 

. TABLE 88 


Effect of alreptoimjcin apray on bacterial speck of tomato* 


Ttue or lNOCOLAtlO'4 

KORSEI or 
DUBASZD 
PIASTS 

itumt or 

B£A»HY 

rLANTS 

1 hour before treatment . . • • 

1 

7 

24 hours before treatment ... 

2 

6 

Check. Plants inoculated at start. No treatment 

Check. Plants inoculated 24 houis after start of experi- 1 

7 

1 

ment . . ' 

S 

0 

Check. Plants spr.'ijcd with distilled water 1 

0 

8 


* Eight plants \scic used in each sme.s. 
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ADDENDUM 

A number of other infectious diseases, not listed in this volume, have been 
reported to respond favorably to treatment with streptomycin. Unfor- 
tunately, either the number of cases was too limited or the results were too 
mconclusive to justify broad generalization. 
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pathogen ; another scries was spraycil with the antibiotic 24 hours before the 
organism was applied. The c.xpcrimeiital plants were kept in a greenhouse 
at average temperature of 7o*F, and the humidity of the air was maintained 
at a high level. Under these conditions the cheek plants developed the 
first symptoms of the speck in 4 days. Xo symptoms of the disease' Mere 
obsen-ed on treated plants during 30 days of observation. In the experi- 
ments designed to Icani whether llie disease could be eradicated by strepto- 
mycin, inoculation nas made 1 and 24 hours respectively before spra^Tug 
with the antibiotic. From the results (table 88) it appears that strepto- 
mycin can prevent the disease under greenhouse conditions. Under field 
conditions, houever, streptomycin 1 to 1,000,000 completely failed to con- 
trol walnut blight caused by X.juglanJis. 



btreptomycin (Original). 

To evaluate streptomycin as a seed disinfectant, cucumber seeds, field- 
contaminated M’ith Ps. lachrymans, wens used in greenhouse experiments, 
and tomato seeds, field-contaminated and artificially contaminated with 
the canker organism, C. ynichiganensc, were used in a field trial. The treat- 
ment consisted in soaking the seeds in the streptomycin solution, 1 to 
10 000, for 20 minutes. Seeds Mere dried before planting. At the end of 
the experiment, the cucumber plants from seeds treated with the strepto- 
mycin \s ere free of the disease, M'hereas the untreated lots showed o per cent 
infection. A total of 1,000 cucumber seeds were used for each series m 10 
separate trials. Four ounces each of treated and imtreated tomato seed 
was used for each series in 10 separate trials. Four ounces each of treated 
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and untreated tomato seed was drilled by a grower. Counts were made on 
200 plants in each series. There was no canker in the lot from treated seed, 
whereas the clieck showed 60 per cent canker. It appears that the strepto- 
mycin controlled the sccd-bome diseases in both the cucumbers and the 
tomatoes. Since the tomato test was performed only once, the experiment 
should be repeated under a variety of conditions before conclusions are 
reached as to the value of the antibiotic as a control measure for tomato 
canker. 

A few experiments on the use of streptomycin to control plant diseases 
indicate the possible application of this antibiotic in phytopathology, the 
limitations being its ineffectiveness against fungus diseases and its inactiva- 
tion under field conditions when placed on plants. Streptomycin may be 
useful in controlling seed-borne bacterial diseases of plants. 

. TABLE 88 


EJfcci of atreptomyctn apray on bacUnal epecK of lomalo* 


Tlire or tXOCOtATIOM 

KTUBza or 
DUSASZD 
rlAXTS 

NVUBZt or 
BZALTHY 
PLAMTS 

1 hour before treatment . . 

1 

7 

24 hours before treatment . . ... 

2 

6 

Chock. Plants inoculated at start. No treatment 
Chock. Plants inoculated 24 hours after start of experi- 

7 

1 

ment 

8 

0 

Check. Plants sprayed nith distilled natcr 

0 

8 


* Eight pLints \\erc used in each series. 
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ADDENDUM 

A number of other infectious diseases, not hsted in this volume, have been 
reported to respond favorably to treatment with streptomycin. Unfor- 
tunately, either the number of cases was too limited or the results were too 
inconclusive to justify broad generalization. 
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pathogen; another series was sprayed with the antibiotic 24 hours before the 
organism was applied. The experimental plants were kept in a greenhouse 
at average temperature of juid the humidity of the air nas maintained 
at a high level. Utider these conditions the check plants developed the 
first symptoms of the speck in 4 days. Xo symptoms of the disease' were 
obscr\’ed on treated plants during 30 days of obser\’atiou. In the experi- 
ments designed to loam whether the disease could lie eradicated by strepto- 
mycin, inoculation uas made 1 and 24 hours respectively before sprajing 
witli the antibiotic. From the results (table 8S) it appears that strepto- 
mycin can prevent the disease under greenhouse conditions. Under field 
conditions, however, streptomycin 1 to 1,000,000 completely failed to con- 
trol walnut blight caused by X. juglandis. 



streptomycin (Origina]). 

To evaluate streptomycin as a seed disinfectant, cucumber seeds, field- 
contaminated w’ith Ps. lachrt/mans, were used in greenhouse e-xperiments, 
and tomato seeds, field-contaminated and artificially contaminated with 
the canker organism, C. viichiganense, were used in a field trial. The treat- 
ment consisted in soaking the seeds in the streptomycin solution, 1 to 
10 000, for 20 minutes. Seeds were dried before planting. At the end of 
the experiment, the cucumber plants from seeds treated with the strepto- 
mycin were free of the disease, whereas the untreated lots showed 5 per cent 
infection. A total of 1,000 cucumber seeds were used for each series in 10 
separate trials. Four ounces each of treated and untreated tomato seed 
was used for each series in 10 separate trials. Four ounces each of treated 
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Two buch cobcs may be mentioned here. “Pinta," "mal del pinto,” or 
“curate” is a dibca&c that first produces on tlie face, arms, and legs spots 
which later extend into larger pigmented lesions all over tlie body. The 
causative agent of this disca-sc was designated by Hruinpt (1) as Treponema 
caralexun. Olarte and Varela (2) treated one case in Mexico by giving six- 
teen injections of streptomycin, 0.5 gm every 12 hours. The treponemas 
were rapidly j)aral 3 ’zed, some within 15 minutes after the first injection, as 
shown by dark-field illumination; they disappeared completely after -18 
houm. This reaction wiw accompanitHl by disiipj)earancc of the eiythema 
and b(piumous lesions and gradual fading of the pigmented lesions, ijimilar 
clinical results were obtaincnl w ith a groii|) of other patients. 

Experimental work with haiiLstcrs an<l dug> indicate-) that, although 
streptomycin and penicillin both aie effective against leptospiremia and 
may bo lifesaving for dogs m\d hamsters, only streptomycin successfully 
combats Icptospiruria and hence the carrier state. Because accurate diag- 
nosis is Usually delayed until the leptospirae' have disiippearcd from the 
blood, streptomycin increases in importance as a therapeutic and preventive 
agent in canine loplospiro'is (3). 

1. Hhumit, K Uii iKJVcau irepoiicnui parasite de riionimc Treponema cnrateiim 
a{sctit dcs car Jtci <>u “.Mai (id I’intu." Compl Uend. Sec. liiol ,130:042. 1030 

2 ObAliTn,J \M) Tr.ilamiciitoddMaldL-1 PinlooCaraleccmrsIrcpto- 

miciiia (uota prcimiinar). itev Iiiat Salub. laif. Trop , 0. 233-253 104S 

3 UnUN.VER, K. T Asu .Met fcii. K. F. Slrvptomycm in tlic treatment «f leptospira 

curricr^j Proc 8oc Exp Uiol Med (In press) 
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IntraceUuIar parasitism, 3SS 
iDtracisteroal administration, 271~272 
Intramuscular administration, 240, 2S2- 
2S4, 423, 424, 425, 532, 551, 553, 532 
J ' ''"1 oHministration, SOS, 453 
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Intraveuyua — . . 248, 

257,258,250,284 
In Mlro activity, 91-lH 
In viiro-in vivo methods, 109 
In vivo activity, 112-132 
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Nephrotoxic effect, 544 
Ncuroloxic effect, 205-272, 543 
Ncurotropic ciJcct. 265-266, 441, 442 
Nitroprussido metnod, 87 
Nocardin, 7 

Nonlubcrculous infections, 420-432 
meningitis, 360-380 
Nose uashmgs, 572-573 
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S. lyphoso, 3C2, 363 , 304 , 3C6 
trails, effect on streptomycin, 302-203, 
333 

Screening of compounds, 14S 


^120. 571 

Pneumonia, Fnedlandcr’s, 411-115, 410, 
417 

plague, 397-400, 403-103 
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